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BOTANY OF THE FUTURE’ 


By Dr. WILLIAM CROCKER 
BOYCE THOMPSON INSTITUTE FOR PLANT RESEARCH, INC., YONKERS, N. Y. 


DEFINITION 


THE speaker has been assigned the task of discussing 
botany of the future. Perhaps we should first define 
the term botany. If one-were to ask an educated lay- 
man or even a specialist in plant science, he would un- 
doubtedly get the glib definition that botany is the sci- 
ence of plants. This is an extremely broad definition, 
but is it the content of the term that the layman or spe- 
calist really has in mind? Is not the layman inclined 
to think of botany in the limited sense of collecting, 
classifying and naming plants? However this may be, 
in this paper botany will be used in the broad sense of 
the dictionary definition including all plant science. 
There are two implications in this assignment that 
the speaker must limit. First, “Botany of the Future” 


; ‘Address before the American Association for the Ad- 

Vancement of Seience in the conference on Science and 
Society, Ottawa, June 28, 1938. This address with the 
literature citations is to be published in full later by the 
association, 


implies a prophetic effort, and second, botany is a 
science made up of several distinct disciplines, each 
too big for the complete mastery by one person. The 
speaker claims no prophetic power and feels none too 
competent in his own limited field of plant physiology. 
It will have to suffice to give a brief history of botany, 
with especial emphasis on the more recent trends, and 
from these decide on some of the probable future 
trends in botanical research and development with 
merest reference to the meaning of botany to other 
sciences and to man. 


THE STRUGGLE TO MAKE BOTANY AN INDUCTIVE 
ScIENCE 


Before and immediately following the beginning of 
the Christian era the Greeks and Romans wrote much 
about plants. Their statements were based on casual 
observations, no experiments and much speculative 
thinking. Their descriptions of plants were often so 
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accurate that later workers could not identify the 


plants by the descriptions. Perhaps the confused state « 


in which they left the idea of sex in plants illustrates 
best their inability to gain knowledge of plants by 
studying plants themselves. In this connection they 
discussed some of the palms in which the stamens and 
pistils are borne on separate individuals. In such eases 
accurate observation and certainly a minimum of ex- 
perimentation would have established the existence of 
sex. 

The slight contributions of these early Greek and 
Roman writers to real knowledge of plants do not 
justify the mention of their work in the present con- 
nection. On the other hand, the Aristotelian deductive 
and speculative method of approaching plant problems 
and some of his concepts dominated botanical thought 
throughout the Middle Ages and prevented the devel- 
opment of an inductive approach. Sachs (Sachs ibid.) 
points out the influeave that Aristotelian methods of 
thought and dogmas : upon Linnaeus, the father of 
systematic botany, who worked during the eighteenth 
century. 

Even the influence ox Aristotelian thought upon Lin- 
naeus would not justify its discussion in this connec- 
tion. The speaker feels, however, that the discussion 
is justified by the fact that the botanical workers even 
to-day are too much given to speculation and to theories 
and too little to well-planned and searching experi- 
ments that will gain from plants themselves the infor- 
mation sought. We will refer to this point again later 
when discussing the topic, “Theories often impede 
progress.” 


History oF CERTAIN PHASES OF BOTANY 


Let us now outline briefly the history of the devel- 
opment of only two of the many phases of botany. 
This will give us an insight into the nature of botanical 
research and the type of problems met. It will also 
give us a background for understanding some of the 
larger botanical problems of to-day and the immediate 
future. 

Plant nutrition. Any considerable understanding of 
plant nutrition had to await the development of mod- 
ern chemistry. It is true that prior to this Malpighi 
and Hales had gained evidence that much of the dry 
weight of green plants comes from the air. During the 
last half of the eighteenth century a series of discov- 
eries set, at the same time, the background for an 
understanding of plant nutrition and for the develop- 
ment of modern chemistry. Priestley discovered “vital 
air,” oxygen, and showed that green parts of plants 
sometimes give off oxygen. Lavoisier and Cavendish 


discovered the composition of carbon dioxide, water. 


and nitrie acid, and the former discovered the nature of 
respiration in animals. In the meantime Ingen-Houss, 
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even under the misleading influence of phlogisto, 
chemistry, had discovered two reverse types of pro, | 
esses in green plants which we now know as carp», 
synthesis, or photosynthesis, and respiration. 

But Saussure in 1804 laid the real foundations fy, 
plant nutrition when he established and extended }y 
quantitative methods the findings of Ingen-Houss tha 
green portions of plants in light absorb carbon dioxiq 
from the air and transform it into some sort of organi, 
material and set oxygen free in the process. He aly 
showed that living tissue earries on respiration whic 
eliminates CO, and consumes oxygen.  Sanssup 
proved also that the greater part of the dry weight of 
plants came from the CO, of the air and from wate 
absorbed from the soil. One can hardly overemphasix 
the significance of the discovery of these two basic 
cosmic biological processes. Carbon-synthesis supplies 
the world with practically all its organic matter, ip. 
cluding food, fiber and shelter, and some sort of respj. 
ration is a universal manifestation of living matter, 
Saussure also proved that the relatively small amounts: 
of salts absorbed with the water play an essential rile 
in plant nutrition. Thus he established in outline 
practically as we know it to-day, the inorganic nutri. 
tion of green plants. 

The next great advance in plant nutrition was the 
discovery of the chemical elements other than carbon, 
oxygen and hydrogen that are essential for plant deve. 
opment. The greater contributors to this knowledge 
were Boussingault, the French agricultural chemist 
Liebig with his clear forceful statement of his theory 
of mineral nutrition of green plants, the various tenels 
of which were later tested out and corrected by Lawes 
and Gilbert at Rothamsted Experimental Station, and 
Nobbe and Sachs of Germany, who contributed mud 
to the knowledge of mineral nutrition of green plants 
by their nutrient solution studies. Out of all the work 
on plant nutrition up to the early part of the second 
half of the nineteenth century came the doctrine of the 
ten essential elements for plant nutrition, namely, cat: 
bon, hydrogen, oxygen, calcium, potassium, magnesiull, 
iron, phosphorus, sulfur and nitrogen. Further studi 
by agricultural chemists led also to the fertilizer doc 
trine of three essential fertilizer elements, N, P and K 

These two doctrines of essential chemical element 
and of essential fertilizer elements were both due 1 
suffer modifications by extension because of researehs 
carried on during the present century. The early st 
dents of plant nutrition failed to discover vari! 
essential chemical elements for plants that are needed 
in very small amounts because they failed to puri! 
sufficiently the nutrient salts used or because of otliet 
errors in experimentation. Anyway in addition, bor, 
copper, zinc and manganese have been established 
cently as essential for the nutrition of some, if not # 
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and a number of other chemical elements benefit 
ihe growth of one plant or another when supplied in 


B mall quantities in the form of salts. Soils have also 


heen found in which certain plants grow very poorly, 
due to deficiency or lack of availability of one or an- 
other chemical element besides N, P and K. Amongst 
ihe recently found soil deficiencies are iron, sulfur, 
boron, copper, zine and manganese. 

What are some of the future problems in plant 
nutrition ? 

We have progressed far since the time of Saussure 
in learning the effect of conditions upon the rate of 
carbon fixation, and we have learned something about 
enzymes and much about the chemistry of the pigments 


© involved in photosynthesis, but we have still to learn 


the exact details of the reactions and are therefore 
unable to duplicate carbon-synthesis outside the plant. 
In respiration also we have learned much about sub- 
stances oxidized, about various organic substances pro- 
duced by respiration and fermentation and something 
of the enzymes involved in these processes. The de- 
tailed understanding of carbon-synthesis and respira- 
tion are big chemical problems of the future. 

Botanists are just now reinvestigating the essential 
chemical elements for plant nutrition as well as chemi- 
eal soil deficiencies by sufficiently accurate methods to 


Farrive at proper answers. This, however, is a minor 
‘future problem in plant nutrition. 


The big problem 
in this connection is the exact functions performed by 
the various chemical elements in plant nutrition and 
growth. We know much about symptoms caused by 
the lack or deficiency of the several elements. It is 
also easy to assign at least one function to elements 
like nitrogen, phosphorus and sulfur because they are 
built into organie compounds essential for life, but it 
is more difficult to find the function of potassium, 
copper, boron, ete. When we know all the functions 
of all the essential chemical elements for plant nutri- 
tion we will come near knowing all about plant life. 
Chemical control of plant development. The study 
of chemical control of growth and development of 
plants is one of the latest fields of botany to get atten- 
tion. Practically all the significant experimentation 
in this field comes within the last quarter of a century 
and the greatest progress within the last decade. 
Perhaps the most interesting chemical modification 
of plant development is that caused by organic sub- 


stances of the hormone type (Boysen-Jensen). In 1893 


Julius Sachs announced the theory, based on rather 
general observations and experiments, that every plant 
organ (leaf, root, stem, flower, etc.) was initiated in 
plants by some stimulating substance (chemical) pro- 
duced by the metabolism of plants. It is interesting 
that this theory was announced for plants some years 
before the discovery of the first animal hormone, 
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secretin, by Bayliss and Starling (1902), while definite 
experimental knowledge of plant hormones came many 
years later. Sachs’s theory had little experimental 
evidence to support it until Boysen-Jensen (1911) pub- 
lished his work showing the significance of chemical 
substances in the oat coleoptile in determining its 
growth and tropic response to light. : 

Following Boysen-Jensen’s early work much know!l- 
edge has accumulated upon the effect of organic chemi- 
cal regulators upon plant development (Zimmerman). 
Amongst the effects are: causing of tropie responses 
of plant organs to light and gravity, probably by the 
unequal distribution of the chemicals in the two sides 
of the organ; inducing cell elongation; initiating roots 
and other cell proliferations; inducing leaf epinasty; 
and completely or partially inhibiting growth of plant 
organs. 

In contrast to the control of animal metabolism and 
development by endocrines the chemical control of 
plant development seems to be far less specialized; a 
number of chemicals that are very different in moleen- 
lar size produce the same effects on plants, also chemi- 
cals that are not known to be produced by plants them- 
selves act like plant hormones. The first point is 
illustrated by the fact that the four unsaturated carbon- 
containing gases (carbon monoxide, ethylene, acety- 
lene and propylene), also certain indole, naphthalene 
and phenyl aliphatic acids, as weli as the salts and 
esters of these acids, have similar effects on plant 
development; they initiate roots and cause other cell 
proliferations in plants, and they induce epinasty of 
leaves and act as growth inhibitors. While there seems 
no doubt that several of the effective substances men- 
tioned above are not synthesized by plants at all, or 
at least not in sufficient amounts to modify growth, 
such a conclusion must be reached only after careful 
investigation in case the substance is effective in ex- 
tremely low concentration. Either on the weight or 
molecular concentration basis ethylene is the most 
effective chemical known for modifying the develop- 
ment of certain plants. Recently, contrary to earlier 
assumption, it has been shown that most living plant 
tissues produce ethylene and that ethylene is a plant 
hormone which regulates development and induces 
ripening. 

While several organic substances have been found 
to be effective in inducing roots, we have much yet to 
learn about organic compounds that initiate and regu-. 
late growth of buds and flowers. We know that some 
plants are induced to flower by long daily illumination, 
while others flower only on short daily illumination, 
also underground storage organs develop on certain 
plants only under short daily illumination. There is 
reason to believe that these and many other light 
effects are caused by the amount or type of organic 
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regulators synthesized and maintained by plants under 
the influence of light. 

The very important discoveries made in chemical 
regulation of plant development during the last few 
years have been of great assistance to investigators in 
other lines of botany and to practical propagators. 
The number of problems that are now opened up in 
this field, and the great number of investigators now 
engaged in the work indicate that this is to be a very 
productive field of plant research in the immediate 
future. | 

This is a very brief history of the development of 
only two of the many general problems that have been 
met in botany. Because of limit of time these two 
examples will have to serve as pictures of the nature 
of the problems met in botany and the methods used 
in their solution. These brief sketches also bring us 
face to face with some of the big problems to be met 
in the field in the immediate future. 


Botany Spuits Into MANy DISCIPLINES 


During the last part of the nineteenth and the first 
part of the twentieth century botany split into many 
separate sciences on three distinct bases: (1) on the 
basis of the phase of plant life studied (systematies, 
morphology, anatomy, physiology, cytology, genetics, 
phytochemistry, ete.) ; (2) on the basis of plant groups 


studied (bacteriology, mycology, algology, ete.); and. 


(3) on the basis of the economic use made of various 
plants (agronomy, horticulture, floriculture, forestry, 
ete.). Let us make the situation more complex and 
shock the zoologists by claiming certain phases of 
entomology as a part of botanical science; one would 
not progress far in plant culture without the control 
of insect pests, and insects are necessary for pollina- 
tion of many flowers and play an important, sometimes 
an intricate, role in transmitting virus and other plant 
diseases. Each one of these disciplines has discovered 
many facts about plants and established certain prin- 
ciples concerning them. As a result there exists to-day 
a great body of knowledge about plants that is not 
broadly enough correlated. There are indications that 
the next great step in the study of plants is the correla- 
tion and development of these several sciences into a 
comprehensive botany. 


COMPREHENSIVE BOTANY OF THE FUTURE 


The splitting of botany into many disciplines is evi- 
dently an artificial procedure. It does, however, sepa- 
rate the problems out so they ean be readily defined 
and made capable of attack even by one individual. 
No considerable progress is made, however, in any 
problem of a given discipline of botany until the 
worker finds need of the help of other disciplines for 
the complete solution of his problem. Likewise, prog- 
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ress in his own problem is sure to throw light Upon 
problems in several other fields of botany. 

Of course all science has essential interrelations and 
may therefore be considered a unit, but the interre), 
tion between the several disciplines of a subject jij, 
botany are so intricate and so numerous that the deyg, 
opment of the several disciplines in closest relatig, 
with each other is suggested. The project method 
attacking plant problems is becoming more commo, 
in agricultural and other plant research institutioy: 


In the project method several individuals who knoy 


the more important technies for the solution of a prob. 
lem work together, that is, they attack the probley 
from a variety of angles working each line alone }y 
consulting frequently for mutual help and inspiration, 
There is also a move toward organization of instity. 
tions that cover many phases of the subject. If suc 
institutions are to be most effective they must bring 
together individuals trained in all the main discipling 
of botany as well as a large sprinkling of individual 
trained in the several branches of chemistry anj’ 
physies which, after all, in the broad sense, furnish ; 
great part of the technic for botany. There is of 
course no advantage in the project-institute type of 
organization over the departmental type of organin- 
tion unless the scientists representing the different dis J 
ciplines work together, but the cooperative spirit in 
botany is also increasing. 

I predict that the next great advance in botany is: 
synthetic one, in which all the disciplines will develo 
in intimate relation with each other, resulting in 1 
unified comprehensive botany of the future. 


EXAMPLES OF Botany ADVANCING PRODUCTION 


Now let us consider a few cases in which botanical 
research has aided production. The illustrations ar 
chosen, not because of the magnitude of their effec 
on production, but because the relation between tle 
research and improved production is so direct that i 
can not be questioned. These illustrations must be 
considered, however, as only a few of the thousands 
of ways in which botanical research has increased the 
power of man to produce food and other commodities 
needed by him. | 

Plant pests. Some years ago a disease of eabbage- 
cabbage yellows—threatened to wipe out the cabbage 
industry. Dr. L. R. Jones, of Wisconsin, saw a 20-actt 
field in which only a few heads were perfect and wil 
out disease. He said, “These plants are probably 
resistant to yellows.” He grew seeds from these, at! 
through many years of selection and intensive stu(y 
produced resistant forms that grow perfectly in dis 
eased soil. 

Just prior to 1900 a leafhopper was introduced int? 
Hawaii from the South Sea Islands that threatened 
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» completely wipe out cane production in the 
Hawaiian Islands. Several years of study and work 
by entomologists led to the introduction from the native 
nome of the leafhopper insect parasites that completely 
controlled the pest. We have already claimed certain 
phases of entomology as a part of botany, so the last 
‘Jlustration is quite to the point. 

These are but two of many cases of control of dis- 
eases or insect pests on useful plants. What is more 
important, a background of scientific information and 
principles has been established that will insure the 
control of plant pests in the future. 

Crop nutrition. In northwestern United States it 
was discovered that the soil was deficient in sulfur. 
By adding sulfur compounds to the soil, alfalfa yields 
could be raised as much as five-fold. The discovery 
that pineapples grown in various soils of Hawaii were 
starving for iron because the iron in the soil was in- 
soluble and that the iron had to be fed through the 
leaves as an iron sulfate spray made possible the 
development of the large pineapple industry in Hawaii. 
Recently, non-productive peat soils of Holland and 


f the United States have been found to be deficient in 


copper. By addition of copper the soils become highly 
productive vegetable lands. Many other similar ex- 
amples could be mentioned of increased production 
that resulted from supplying soil deficiencies. 

Breeding better plants. Breeding and selection has 
done much to improve useful plants. Dr. William 
Saunders and his son, Dr. Charles Saunders, by 15 
years of breeding and selection of wheat, produced 
Marquis wheat, the present spring wheat of western 
Canada. This wheat has about six days’ shorter grow- 


§ ing season than the Red Fife, which it displaced. It 


thereby misses fall frosts, which results in an increase 
in yield of nearly 30 per cent. 

Hybrid maizes which resulted from basic genetic 
studies and which are just now coming into cultivation 
in the United States are a striking example of breed- 
ing increasing erop yield. Java’s cane-breeding work, 
stretching over a period of more than 20 years, has 
produced the new P.O.J. canes that, under identical 
cultivation methods, produce three times as much sugar 
per acre as any of the eanes entering into the original 
crosses. More than 15 tons of sugar per acre per crop 
have been produced. With these new canes and with 
improved methods of cultivation now known, two 


f islands, Cuba and Java, besides growing much other 


food for their people, can produce with profit all the 
sugar the world can eat at two cents a pound at the 


mills, 


It would require volumes ‘to tell the complete story 


& of the service of botany to man economically, medically 


and esthetieally, but these statements will have to 
suffice for this paper. 
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Errective Metuops ror BoranicaAL RESEARCH 


We have just discussed the effectiveness of the 
project basis of organization for botanical research 
and the desirability of having in close association in 
botanical departments or institutions all types of tech- 
nies necessary for the complete solution of plant prob- 
lems. Let us mention some other methods or points of 
view that are now proving effective in botanical 
research and that need special consideration in the | 
future development of the subject. 

Equipment for plant research. The complexity of 
the future problems in botany will call for a great 
variety of technics and for greater and greater accu- 
racies in measurements. To meet these needs the 
botany laboratories of the future will require much 
very accurate physical, chemical and biological ap- 
paratus. In addition, there should be apparatus for 
the growth of plants on a considerable scale and under 
a great range of controlled conditions as to light, tem- 
perature, humidity, ete. A research man should not 
be forced to guess at his results because of the inac- 
curacy of the apparatus. It is more productive to 
have fewer scientists and better equipment if finance 
is a limiting factor. One must also remember that 
equipment is paid for onee, requiring of course a slight 
operating expense and occasional renewal, while sal- 
aries are a continually recurring charge against a 
project. 

Dangers of over-organization for botanical research. 
The real discoveries in botany are made by the scientist 
coming into face-to-face contact with the plants and 
plant materials being studied and these contacts should 
be made with unburdened and alert minds. There is 
no doubt that over-organization and over-direction 
often interfere with this simple direct relation between 
the botanist and the material he is studying. Assum- 
ing of course that the workers are prepared for and 
adapted to their work, it is not direction but construc- 
tive suggestions and inspiration that they need from 
their fellow workers in order to make greatest prog- 
ress. 

Theories often impede progress. The method of at- 
tacking problems by the use of hypotheses makes 
every step of research directive and logical. The prob- 
lem to be solved is stated; on the basis of established 
knowledge several hypotheses are set up, any one of 
which may be the solution of the problem; and finally 
each hypothesis is tested out by logically organized 
experiments. In ease none of the first set of hypotheses 
proves to be the solution of the problem, the process is 
repeated until the solution is found. The very logie of 
the procedure may lead the investigator into a pitfall. 
Will he, before he has sufficient experimental evidence 
or because of numerous inferential agreements, dignify. 
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one of the hypotheses to the position of an established 
theory? There is no doubt that some investigators 
have a “theory psychosis.” 

Recently Farr and Eckerson discovered the real 
composition and structure of cellulose as it exists in 
the cotton fiber and other cell walls. It seems impos- 
sible that this discovery could have been delayed so 
long, considering that the cellulose industries in the 
United States alone produce more than a billion dol- 
lars worth of cellulose materials each year, and further, 
considering that botanists have been examining cell 
walls of plants with microscopes for a full century. 

During the period 1852 to 1858 Nigeli developed his 
micellar theory of the structure of cellulose walls. Ac- 
cording to his theory the cotton fiber is made up of 
cellulose particles or crystals too small to be seen with 
the microscope, but of such shape and arrangement as 
to account for the changes in the dimensions of the 
cell walls when swollen in water, and for the image 
produced when polarized light is passed through the 
wall. 

Finally, Farr and Eckerson looked at developing 
cotton fibers through the microscope, and believed 
their eyes. They found that the cotton fiber consists 
of microscopically visible spheroid particles of cellu- 
lose cemented together by pectin-like substances such 
as cause fruit juices to form jelly. 

I need not emphasize the significance of this discov- 
ery to the understanding of plants, because practically 
all plants produce cellulose walls. The importance of 
it is quite as evident to our billion dollar cellulose 
industry. 

This is one of many cases in plant research where 
theories have impeded progress. Theories and hy- 
potheses are useful in shaping experiments, but the 
truth about things must be learned by studying the 
things themselves in a face-to-face approach. 

Accidental discoveries. Of course the botanist must 
proceed in his research on the logical basis mentioned 
above; there is no substitute for thoroughly planned 
and carefully executed experiments for solving the 
problem under consideration. On the other hand, the 
investigator should always be on the lookout for unex- 
pected reactions that do not fit into the hypothesis 
under consideraion or that may not even be relevant 
to the problem under study. 

A few years ago Dr. Pupin gave his retiring address 
as president of the American Association for the 
Advancement of Science, covering his years of research 
on air communication. From his address it seemed 
that most of his big discoveries were chanced upon 
when he was looking for something different. 

Pure research in botany a misleading concept. The 
distinction between pure and applied knowledge or 
research probably originated with the Greeks. Slaves 
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did the work for the Greeks; dealing with practicy) 
things or even with the objective was not the field fo, 
thinkers. The masters were metaphysicians, and, while 
they talked much about the nature of existence, they 
failed in the main to study the things that existey 
Best progress in research with plants requires that on 
forgets this distinction between pure and appliej 
research and pursues the studies wherever they yj 
add to knowledge. 

Perhaps there is no field of science in which we ¢ay 
as little afford to draw a line between pure and applied 
research and knowledge as in botany. Boussingaul, 
the French agricultural chemist, and the Rothamsted 
Experimental Station early added much to our know. 
edge of plant nutrition and to-day agricultural exper. 
ment stations and similar institutions in the study of 
practical problems are continually adding important 
basic knowledge to nearly every phase of botany. 
Finally, the conditions met in a laboratory are limited 
and principles established in the laboratory need to be 
tested and modified as to limitations and breadth of 
significance by tests under the more varied condition; 
in the field and in nature. In this way only will we 
arrive at a complete knowledge of plants in all their 
relations. 


ECONOMIC AND SOCIOLOGICAL IMPLICATIONS 
or BoTany 


Citizens take a serious interest in botany. Through. 
out the history of man, plants have been amongst the 
most intimate objects of his environment. Also they 
have been the sole ultimate source of his food and 
clothing and the souree of much of his shelter. In spite 
of this the average man has had little essential know! 
edge about plants. The serious and intelligent interest 
of people in botany is now increasing very rapidly. 

Many of our farmers and others interested in plant 
production have been trained in agricultural colleges 
and still more in agricultural high schools. This train- 
ing has given them some basic knowledge of plant 
nutrition and soil fertility, plant breeding, fungal and 
insect pests and various other phases of botany. 

The increasing interest in gardening, especially 
ornamental gardening, is indicated by the rapid growth 
in the membership of garden clubs. No doubt the 
initial interest of such amateur gardeners manifests 
itself mainly in growing and knowing the names 0 
plants for beautifying home grounds or in the arrange 
ments of flowers for artistic effect in the house. 1 
the other hand, many of these amateurs are interested 
in collecting and cultivating ecological groups ‘ 
plants, such as rock plants, or systematic groups, suc 
as lilies, begonias and iris. Many also are breedilg 
and producing new forms of the groups that interest 
them. The number of books published for amateut 
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gardeners is increasing rapidly and improving from 
year to year as to basic knowledge on propagation, 
plant nutrition and soil fertility, control of plant pests, 
preeding and other phases of the subject. 

Because of the agencies mentioned above as well as 
others, more people are continuously becoming inter- 
ested in and acquiring basic knowledge about plants. 
Plants develop in accordance with fixed laws, conse- 
quently serious study of them leads to factual thinking, 
a thing so desirable to the citizens of a republic. 

Botany affects economics. Adam Smith’s prediction 
of the eighteenth century that increase in population 
would overtake the capacity of the earth to produce 
food for the population and Malthus’s further develop- 
ment of this idea both preceded any considerable 
knowledge of plants. A century and a half after this 
prediction the problem is not, Can we produce enough 
food for the population of the earth, but How can we 
dispose of what we do produce with production cur- 
tailed far below capacity? What changed this sad 
picture of a century and a half ago with a very cheer- 
ful one so far as ability to produce food for subsistence 
is concerned ? 

Neglecting for the moment other unexpected changes 
such as decrease of birth rate with rise in standards 
of living (the latter contrary to the postulates of the 
two economists), there are two big advances that have 
brought about his change: (1) invention of farm 
machinery which increased enormously the power of 
the individual to produce food and (2) the growing 


| knowledge of botany in all its phases which has made 


production much more effective. With farm machin- 
ery now developed and with information about plants 
already established, every population on earth could 
be adequately fed with production at a fraction of 
capacity. There is still something to be done in im- 
proving farm machinery, and botany is still in its 
infancy; there is also a large part of the productive 
land of the earth, especially in the tropics, untouched 
by the plow. Because of the development of farm 
machinery and the great advance in knowledge of 
plants, feeding the world is no longer a problem of 
production but one of distribution. 


PHILOSOPHY INTERPRETS SCIENCE 


It is sometimes enlightening to get the view-point 


of men who are outside and looking in upon a process. 


Such onlookers have the advantage of perspective free 
from the possible confusion of details, but their lack 
of knowledge of details and the interrelations of details 
may lead them to a very wrong interpretation of the 
process as a whole. In this case let us consider the 


present-day interpretation of science and scientific 
research by philosophers. As a basis for the discussion 
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we cite three recent philosophical books written 
severally by Hutchins, Durant and Benjamin. 

The speaker gets the impression from these books 
that scientists are random or aimless collectors of data. 
In Section 7 of this paper we have discussed the use 
of hypotheses in scientific research and emphasized the 
fact that the use of hypotheses makes every step of 
research purposeful and directive. Philosophers cer- 
tainly could not get the idea that research is an aimless. 
collecting of data by studying research as it is con- 
ducted to-day. 
descriptions of the scientific method are very similar 
to research methods outlined by Francis Bacon during 
the early part of the seventeenth century. It is granted 
that Francis Bacon was one of the world’s greatest 
minds with his tremendous scope of knowledge and 
profound and accurate thinking; it is also true that 
he had little insight into the great complexity and pro- 
fundity to be met in scientific problems and little 
realization of the methods that were to prove most 
effective in solving these problems. Is it too muck to 
ask of philosophers that they evaluate the scientific 
research on the basis of a careful study of what is 
going on in science to-day? 

President Hutchins speaks with devastating effect 
of scientific knowledge as empirical knowledge. We 
find two definitions of empirical in the dictionary; one 
derogatory, the other complimentary. In the first 
sense it means superficial or based on insufficient obser- 
vations, and in the second or the derived sense it means 
based on experience or experiments. If one stops to 
think, he will see that all real knowledge, i.e., knowl- 
edge that has its counterpart in mind and matter, must 
be knowledge gained by experience or experiments. 
The scientist might even boast of his knowledge as 
empirical in the latter sense. 

From reading these books one also gets the idea that 
scientists fail dismally to correlate their results into a 
logical system of thought. To a degree this has been 
true in botany during the period of great specialization 
through which the subject has passed recently. Fear- 
ing the ills of specialization Hutchins has suggested 
a common college course for all students so that when 
they get into their special fields they may have common 
knowledge as a basis for mutual understanding. This 
gives one a picture of confusion of tongues brought 
about by specialization. To one working in the field 
of botanical research to-day this idea of the confusion 
of tongues due to specialization appears far from an 
actual picture of the situation. Not only is every 
research man interested in and conversant with the re- 
sults being obtained in many other phases of botanical 
research, but many problems are being investigated 
cooperatively by two or more specialists of diverse 
training combining the technics and knowledge of dis- 


Where did they get this idea? Their 
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ciplines necessary for solving the problems. As botani- 
cal research advanees larger generalizations are reached 
which in turn solve more practical plant problems and 
throw more light on the nature of life itself. 

These philosophical writings give one the impression 
that the scientific mind shows certain immaturity as 
against the maturity of the philosophical mind. The 
botanist writes his story of plants as far as he can on 
the basis of established facts and laws; he struggles to 
add to known laws and facts about plants so that the 
true story may be continued; but he always recognizes 
that the complete story can be written, if ever, only 
after an enormous amount of additional research. The 
philosopher seems to demand the complete story, 
although most of it is a fairy tale. 
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One gets the impression from these philosophig - 
writings that the main interest of scientists is impry, 
ing practice. It is now rather generally conceded yy 
only by scientists but by thinking practical men th, 
the quickest and surest way of solving practical pro}, 
lems is to establish basic principles that underlie pra. 
tical problems. 

Then may I say in closing that the main aim o 
botany of the future is not the development of betty, 
methods for plant production and utilization of play 
products, for these will come as an inevitable result jf 
the study is rightly conducted. The main aim is th 
formulation of a system of knowledge of plants base; 
on experimentally established facts—if you please, ; 
factual philosophy of plant life. 


OBITUARY 


RAEMER REX RENSHAW 


THE death of Dr. Raemer Rex Renshaw on Septem- 
ber 23 in New York City saddened his many friends 
and colleagues. As senior professor of organic chem- 
istry at New York University since 1924, he was well 
known and respected for his personal and intellectual 
qualities. His passing came as a sad loss to his univer- 
sity and to American chemistry. 

Raemer Rex Renshaw was born in Sierraville, Cali- 
fornia, on August 31, 1880. In 1902 he was graduated 
from the University of Oregon with the bachelor of 
science degree. He received his master of science 
degree from the same institution the following year, 
while holding the position of instructor. In 1904 he 
left Oregon to become university fellow at Columbia 
University, and later was granted the degree of doctor 
of philosophy by that university, in 1907. 

After completing the work for his doctor’s degree he 
continued his career of service to American chemical 
education with professorships successively at Wes- 
leyan University, Iowa State College, Harvard Univer- 
sity and, since 1920, at the chemistry department of 
New York University at University Heights in New 
York City. 

During the world war, Dr. Renshaw held the rank 
of captain in the Chemical Warfare Service. He was 
active in the work of scientific societies as chairman of 
the Organic Division of the American Chemical Society 
in 1924, chairman of the New York Section in 1929, 
and secretary of the Chemistry Section of the Ameri- 


can Association for the Advancement of Science during . 


the period 1929-1931. 

His researches were reported in a large number of 
publications and covered, among others, the following 
topics: Aminophthalie acids; lecithins; cholin and 
betaine and their sulfur, arsenic and phosphorus 
analogues; diglycerids; trimethylarsine selenid; carbo- 
lhydrates; dyes containing the furane ring; onium 


compounds; acetyleholin and its physiological func. 
tions. 

Dr. Renshaw’s patient understanding of students 
his inspiring encouragement of his younger associaty 
and his general kindliness will long be remembered by 
those who knew him. 

H. G. 

New YorK UNIVERSITY 


JOHN ORR HAMILTON 


ProressoR JOHN HaAmiuton, for twenty-nine 
years head of the department of physies in the Kansas 
State College of Agriculture and Applied Science, died 
on August 9, 1938, from an attack of angina pectoris 
Though he had been relieved in part from institutional 
responsibility, his death came as a sudden shock to: 
host of friends among the faculty, students and alumni. 

Professor Hamilton was born at Princeton, Indiana, 
on September 4, 1867. Following teaching experience 
and study elsewhere, he was in 1900 graduated from 
the University of Chicago, having given special atten: 
tion to mathematies and physics. He was first cot- 
nected with the Kansas State College in 1901, going 
there as assistant in physics. For several years the 
department included electrical engineering, and Pro- 
fessor Hamilton’s interest was always strong in the 
everyday application of physics te industry, including 
agriculture and the household. He was the author of 
a text on “Physies of the Household,” a “Laboratory 
Manual for Engineering Physics” and “Weather 


-Studies.” 


In 1912 radio station 9YV was licensed, and the 
physics department began a daily broadcast of the 
weather reports. This was in Morse code and available 
to any who could read it, and is believed to have beet 
the first regular radio weather service inaugurated. 
During the world war, Professor Hamilton directed 
the training of men in signal service work. 
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Professor Hamilton was an excellent teacher and 
upheld the highest educational and ethical standards 
in respec to teacher effort and student response. His 
interest in young men was manifested by his fostering 
aititude toward college athletics. He was the faculty 
representative in college athletic conferences and chair- 
f the Athletic Board. He supported the highest 
standards of intercollegiate athletics and regarded 
games as sports rather than business enterprises. 
Contacts with students in their academic, athletic, 


® ¢nancial and organized capacities gave Professor Ham- 


iIton keen insight into and sympathy with their various 
institutional activities, and he was highly esteemed by 
students as well as the faculty. In a final substantial 
act he showed his interest in them by leaving a bequest 


B of $6,000 for the student loan fund. 


J. T. WILLARD 
Kansas STATE COLLEGE, 
MANHATTAN 
RECENT DEATHS AND MEMORIALS 
J. E. OsTRANDER, from 1897 to 1928 professor of 
mathematies and eivil engineering at the Massachusetts 
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State College at Amherst, died on October 19 at the 
age of seventy-three years. 


Dr. JoHN Roperts CAULK, professor of clinical 
genito-urinary surgery since 1914 at the School of 
Medicine of Washington University, St. Louis, died on ~ 
October 13 at the age of fifty-six years. 


THE first of a series of six paintings of pioneers of 
American medicine, to be prepared for the American 
College of Surgeons, shows the surgeon Dr. William 
Beaumont with Alexis St. Martin, half-breed trapper, 
who was the subject of his study of the digestive 
process. Other pictures, all painted by Dean Corn- 
well, of New York, will show Ephraim McDowell, who 
performed the first successiful abdominal ovarian oper- 
ation; Dorothea Lynde Dix, crusader for good treat- 
ment of the feeble-minded and insane; Dr. Oliver Wen- 
dell Holmes, pioneer in combatting puerperal fever; 
Crawford W. Long and William Thomas Greene Mor- 
ton, pioneers of anesthesia, and Major Walter Reed, 
conqueror of yellow fever. It is planned to exhibit the 
paintings at medical centers throughout the country. 


SCIENTIFIC EVENTS 


| THE SALMON FISHERIES OF FRASER RIVER 


Tue International Pacific Salmon Fisheries Com- 
mission, established under the treaty of 1937 between 
the United States and Canada to regulate the sockeye 


s salmon fisheries of the Fraser River, has now under 
» way a program of scientific investigations, with head- 
| quarters at New Westminster, B. C. 


Its staff has designed and is using a tag to mark 
migrating sockeye salmon, which will be of interest to 
the many who use such tags to study the biology of fish. 
It is similar in form and attachment to that used in 
striped bass investigations by Merriman .and by others. 
Two celluloid dises are used, held on opposite sides 
of the back of the fish by a nickel pin run through 
the firm tissue below the last rays of the dorsal fin. 
One dise has a number and the address of the com- 
mission printed on the side next the fish. The dises 
differ from previous tags in their color and eye-like 
pattern, adapted as shown by experiments to be most 
readily seen under the conditions met by migrating 
salmon. A white circular tag, 13.5 mm in diameter, 
has a central round red spot 7 mm in diameter. The 


= white contrasts with the red color of the spawning 


sockeye, the red in a white field with its silvery condi- 
tion as it approaches the river. The pattern attracts 
attention of observers quickly, and can be seen after 
the fish itself has been lost to sight. It should be 
plainly visible on the spawning grounds. 

The use of both pattern and color seems to be for- 


tunate, judging by its initial success. Returns have 
been unusually high, over 50 per cent. of the first lot 
of thirty having been returned within three weeks, 
prior to the beginning of the heavy fishery. The 
forthcoming survey of the spawning grounds should 
recover more. 

This tag is designed to do two things. One is to 
follow the course of the fish through the commercial 
catch and to connect the particular “run” of fish tagged 
with its particular spawning grounds. As far as 
known, no intensive work to this end has been done on 
Pacific salmon. The second is to determine the per- 
centage of fish which escape the commercial catch and 
reach the spawning grounds. In other words, to de- 
termine the population on the spawning grounds. 

This is not a new method of estimating populations, 
other investigators on other species having proposed 
it for use in lakes, ete., and its use is common in 
marine investigations to show the “intensity” of a 
fishery. 

In the present instance it follows an attempt, over 
many years, by officers of the Canadian Department 
of Fisheries to estimate the eseapement to particular 
spawning grounds. The use of tags may, if successful, 
make such estimates more accurate. If, for example, 
a thousand tagged salmon are released on a spawning 
ground, and only five hundred are visible, any count 
of untagged fish must be correspondingly multiplied. 
The count of all fish must then be multiplied by two 
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to give an approximation to the numbers of fish 
actually present. It is hoped to check such approxi- 
mations by counting all fish over a weir, where such 
can be built. 

If it proves possible to segregate the run of sockeye 
salmon of a given race in the commercial catch and if 
the proportion escaping to spawn may by this or 
similar methods be determined, the total numbers of 
salmon in the particular run of that race could be 
known. Naturally, this ideal will be difficult of attain- 
ment, first because of the confusion of races in the 
commercial areas, and second, because the proposed, 
as well as other, methods of estimating the escapement 
are still unproved. The goal, a separation of the 
several distinct strains or races of salmon and a knowl- 
edge of the fluctuation in numbers of each, is the same 
as that which in modern fisheries science is recognized 
as indispensable to regulation, a statistical history of 
the relation of yield to reproduction. 


The tag and its application have been developed by . 


a staff consisting of W. F. Thompson, R. E. Foerster, 
W. E. Ricker, J. L. Kask, C. E. Atkinson and L. E. 
Whitesel. 


A NEW OBSERVATORY TO STUDY THE 

| SUN’S RADIATION 

ON a mountain top in New Mexico in one of the 
driest, clearest spots in the United States, the Smith- 
sonian Institution is now setting up a new observatory 
to observe the daily variations in the radiation of the 
sun. 
At this observatory will be installed the apparatus 
used by Smithsonian observers at the observatory on 
the summit of Mt. St. Katharine on the Sinai Penin- 
sula, which was closed last year. In many respects an 
ideal site for eastern hemisphere observations of solar 
radiation, the isolation of the spot and the extremely 
forbidding environment led the institution to close it 
after a very successful record of four years. 

Alfred F. Moore, who had been in charge of the Mt. 
St. Katherine station, returned to the United States 
this spring and almost immediately, under the direction 
of Secretary Charles G. Abbot, started his search for a 
suitable American station. The ideal spot is one in 
which there is a minimum of cloudiness and rainfall, 
together with a very clear atmosphere usually to be 
attained only at great heights. 

Mr. Moore found an excellent combination of these 
conditions on the 8,000-feet-high peak of Burro Moun- 
tain near the village of Tyrone in extreme southwestern 
New Mexico. Meteorological records show that this 
site has approximately 10 inches of rainfall a year. 
This in itself is small, but there is the additional ad- 
vantage that it is nearly all concentrated in the months 
of July, August and September. A cloudy day is an 
extreme rarity at any other season. In contrast to 
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most of the stations occupied by the Smithsonigy 
Astrophysical Observatory, this is a very pleasan; 
spot, according to Secretary Abbot, who has just 1 
turned to Washington after inspecting the progress , 
the work. There are small trees, shrubbery and flower, 
on the mountain top. There is an excellent souree of 
water only two miles away, and it is planned to pyjjj 
a large reservoir tank on the summit itself. 

The observing instruments, including some of th 
most delicate and sensitive known to astronomy, wil] }y 
located in a horizontal tunnel extending back for ap- 
proximately 30 feet into the mountain. The sunlight 
will be reflected into this tunnel and upon the measyy. 
ing instruments by a mirror. The excavation of this 
tunnel is now completed. Living quarters are being 
built for the observers and their families. 

The work of the observatory, in common with tha 
of the other Smithsonian astrophysical stations, will b 
to determine daily variations from the solar constant— 
the average amount to which a black body one cubic 
centimeter in dimensions would be heated by the rays 
of the sun falling upon it in a minute, providing it wer 
located at the mean solar distance and at the outer 
limits of the earth’s atmosphere. In actual practice, 
of course, no such direct measurement can be made, bit 
the same result can be obtained with the use of extraor- 
dinarily delicate measuring devices when proper allov- 
ance is made for the effect of various thicknesses of 
atmosphere on sunlight passing through it. 

The Smithsonian Institution has gathered a large 
number of such daily records. They show clearly that 
the heat and light output of the sun is constantly flue 
tuating and that these fluctuations follow periodic 
curves. There is reason to believe that these fluctua- 
tions, in turn, are a major element in the fluctuations 
of temperature and precipitation on earth. The sub- 
ject, however, is complicated and constant observa- 
tions, together with a constant effort to make them 
more and more accurate, are essential. 


SCIENTIFIC LECTURES OF THE COLLEGE 
OF PHYSICIANS OF PHILADELPHIA 


THE program for evening scientific lectures of the 
College of Physicians of Philadelphia for 1938-193) 
is as follows: 


October 12.—James M. Anders Lecture XIII. Homer f. 
Swift and Alfred E. Cohn, members of the Rockefeller 
Institute for Medical Research. ‘‘Cardiae Diseases: 
Infectious and Non-Infectious, Course and Const 
quences. ’’ 

November 2.—Edward A. Strecker, professor of psy’ 
chiatry, University of Pennsylvania. ‘‘Should Psyche 
analysis Be Purged?’’ 

December 7.—Thomas Dent Miitter Lecture LI. William 
Boyd, professor of pathology and bacteriology, U1" 
versity of Toronto; pathologist, Toronto General Hos 
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pital. ‘‘Some Reasons for the Recent Increase in 
Bronchial Careinoma.’’ 

January 4.—Nathan Lewis Hatfield Lecture XXI. Walter 
Bauer, associate professor and tutor in medicine, Har- 
yard Medical School; physician, Massachusetts General 
Hospital, Boston. ‘‘Studies Pertaining to the Origin 
and Nature of Hypertrophic Arthritis.’’ 

February 1—Nathan Lewis Hatfield Lecture XXII. C. 
N. H. Long, Sterling professor of physiological chem- 
istry, Yale University. ‘‘Diabetes Mellitus in the 
Light of Our Present Knowledge of Metabolism. ’’ 

March 1—Mary Scott Newbold Lecture XLII. W. B. 
Castle, professor of medicine, Harvard Medical School ; 
associate director, Thorndike Memorial Laboratory, 
Boston City Hospital. ‘‘The Diagnosis and Treat- 
ment of Anemia.’’ 

April 5.—Claude 8S. Beck, associate professor of surgery, 
Western Reserve University; associate surgeon, Uni- 
versity Hospitals, Cleveland. ‘‘The Surgical Ap- 
proach to Diseases of the Heart.’’ 

May 3.—Mary Scott Neavbold Lecture XLIII. William 
J. Kerr, professor of medicine, University of Cali- 
fornia; physician-in-chief, University Hospital, San 
Francisco. ‘‘A New Approach to the Etiology and 
Treatment of Angina Pectoris.’’ 


LECTURES FOR THE GENERAL PUBLIC 

November 18.—Alfred Stengel, vice-president in charge of 
medical affairs, University of Pennsylvania. ‘‘Cur- 
rents and Counter-Currents in the Progress of Medi- 
cine.’ 

January 20.—George P. Muller, professor of surgery, 
Jefferson Medical College. ‘‘Surgical Trends and 
Medical Progress.’’ 

April 14.—Earl D. Bond, professor of psychiatry, Uni- 
versity of Pennsylvania; director, Institute for Mental 
Hygiene, Pennsylvania Hospital. ‘‘The Modern In- 
terpretation of Mental Disorders.’’ 


NOMINATIONS FOR THE PRESIDENCY OF 
THE AMERICAN CHEMICAL SOCIETY 


Dr. Cuares L. Parsons, secretary of the American 
Chemical Society, has announced the nomination of 
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fourteen candidates for the presidency of the society. 
The nominations are made by the local sections and 
they will be voted upon in a pool of the 23,000 members 
of the society. The names of the four members receiv- 
ing the largest number of votes will be brought before 
the council for election. 

The president-elect of the society will take office 
on January 1, 1939, and will become president a year 
later. Professor Charles A. Kraus, of Brown Univer- 
sity, now president-elect, will be president during 1939, 
sueceeding Dean Frank C. Whitmore, of Pennsylvania 
State College. 

The list of candidates follows: 


Erle M. Billings, business and technical personnel director 
of the Eastman Kodak Company, Rochester, N. Y. 
Professor H. 8S. Booth, of Western Reserve University, 
Cleveland, Ohio. 

Gustav Egloff, director of research of the Universal Oil 
Products Company, Chicago. 

Gustavus J. Esselen, president of Gustavus J. Esselen, 
Ine., Boston. 

Francis C. Frary, director of research of the Aluminum 
Company of America, New Kensington, Pa. 

Per K. Frolich, director of the Chemical Laboratories of 
the Standard Oil Development Company, Elizabeth, 
N. J. 

Professor Harrison Hale, of the University of Arkansas. 

Professor W. D. Harkins, of the University of Chicago. 

Professor Samuel C. Lind, dean of the Institute of Tech- 
nology of the University of Minnesota. 

E. Emmet Reid, emeritus professor of chemistry, the 
Johns Hopkins University. 

Walter A. Schmidt, president and general manager of the 
Western Precipitation Company, Los Angeles. 

Professor Hugh 8S. Taylor, of Princeton University. 

Ernest H. Volwiler, vice-president of Abbott Labora- 
tories, Chicago. 

Professor Hobart H. Willard, of the Uiiversity of Mich- 
igan. 


SCIENTIFIC NOTES AND NEWS 


TE John Fritz Gold Medal has been awarded to Dr. 


| Frank Baldwin Jewett, vice-president of the American 


Telephone and Telegraph Company and president of 
the Bell Telephone Laboratories, for “vision and leader- 
ship in science and for notable achievement in the fur- 
therance of industrial research and development in 
communication.” The award is made by a committee 
composed of representatives of the American So- 
ciety of Civil Engineers, the American Institute of 
Mining and Metallurgical Engineers, the American So- 
ciety of Mechanical Engineers and the American In- 
stitute of Electrical Engineers. 


Louis SuHarruck Cartes, president of the Phelps 
Dodge Corporation, was elected William Lawrence 


Saunders gold medallist at a meeting on October 17 
of the board of directors of the American Institute of 
Mining and Metallurgical Engineers. 


Dr. JoHN VAN NostranpD Dorr, president of the 
Dorr Company, Incorporated, will be presented with 
the Medal of the Society of Chemical Industry on 
November 4, at a joint meeting of the American See- 
tion of the Society of Chemical Industry and of the 
American Chemical Society, at the Chemists’ Club, 
New York City. The medal is given for “valuable ap- 
plication of chemical research to industry,” and was 
awarded to Dr. Dorr for his inventions that have per- 
mitted large-scale, low-cost operations in many chem- 
ical, metallurgical and sanitational operations. 
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Ir is reported in Nature that Professor B. W. Hol- 


- man, assistant professor of mining in the Imperial 


College of Science and Technology, has been awarded 
the Gold Medal of the National Bureau of Scientific 
and Industrial Research by the French Minister of 
Instruction and Fine Arts. 


THE doctorate of laws was conferred by Lafayette 
College at the annual Founders Day celebration on Dr. 
Gilbert H. Grosvenor, president of the National Geo- 
graphic Society. 

Amone the honorary degrees conferred by Loyola 
College, Baltimore, on the occasion of the installation 
on October 20 of the Rev. Edward B. Bunn, S.J., as 
president of the college, was the doctorate of laws on 
Dr. John Charles Hubbard, professor of physics at 
the Johns Hopkins University. 


Dr. LEONARD CARMICHAEL, from 1928 to 1936 pro- 
fessor of psychology at the University of Rochester, 
will be installed as president of Tufts College on No- 
vember 4. Dr. James B. Conant, president of Har- 
vard University, will be a speaker at the luncheon fol- 
lowing the ceremony. 


AT the meeting of the fifth International Congress 
for Experimental Cytology, which was held at Ziirich 
from August 7 to 13, Dr. Warren H. Lewis, of the 
department of embryology of the Carnegie Institution 
of Washington and the Johns Hopkins Medical School, 
was elected president. Dr. Harald Okkels, of the 
department of anatomy of the University of Copen- 
hagen, was reelected secretary. The next congress will 
be held in Stockholm in August, 1940, with Dr. Runn- 
strom, of Stockholm, as local president in charge of 


_ the program. 


Dr. ANDRE Crorti, of Columbus, Ohio, was elected 
president of the International Congress of Surgeons 
at the Philadelphia meeting. Dr. Fred M. Douglas, of 
Toledo, Ohio, was elected president of the United 
States Chapter. 


A LIFE-SIZED portrait of Dr. T. U. Taylor, for more 
than forty years dean of the College of Engineering 
at the University of Texas, has been presented to the 
college by his former students. The portrait, painted 
in oils by Mrs. Mary Talbot Landrum, will hang in the 
Engineering Building. 


Dr. Joun T. BucHHOLz, professor of botany at the 
University of Illinois, has been appointed head of the 
department to succeed Dr. Charles F. Hottes, who re- 
tired with the title emeritus at the close of the academic 
year. A banquet, attended by 125 of his colleagues, 
friends and former students, was given in honor of Dr. 
Hottes, and a portrait painted by Miriam Buchholz was 
unveiled and hung in the reading room of the Natural 
History Library. 
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_ Dr. Joun W. Roy Norton, assistant director of pre. 

ventive medicine of the North Carolina State Boar 
of Health, has been appointed professor of publi, 
health administration in the division of public health 
of the School of Medicine of the University of North 
Carolina. 


Dr. Hiram BentuEy Guass, of Stephens College, 
Columbia, Mo., has been appointed assistant profesgo; 
of biology at Goucher College. Dr. Harriette Drydey 
Vera has been appointed instructor in physiology ang 
hygiene. 


Dr. Hersert C. HANSON has become director of the 
North Dakota Experiment Station. Other appoint. 
ments include Darlene M. Knowles, home economic; 
specialist, to conduct research in nutrition problems 
and rural and urban family life and to direct studies 
on home-making; and Stanley Saugstad, assistant in 
entomology, to assist in field studies relative to the 
life cycle and control of insects and wild life. 


Dr. J. Hotmes Martin, professor of poultry hns- 
bandry and genetics at the University of Kentucky, 
has been made director of the new Regional Poultry 
Research Laboratory of the U. S. Department of Agri- 
culture at East Lansing, Mich. He will take up the 
work on January 1. 


Dr. Luoyp C. Foae, assistant professor of zoology 
at the University of New Hampshire, will become di- 
rector of the zoological laboratory on the Isle of 
Shoals when its twelfth session opens next June. He 
sueceeds Dr. C. Floyd Jackson, professor of zoology 
and entomology and dean of the College of Liberal 
Arts, who has resigned as director. 


Nature reports that on advice furnished by the gen- 
eral officers of the British Association the scientific 
representatives on the Scientific Advisory Committee 
of the Trades Union will be: Nutrition and agricul 
ture, Sir Daniel Hall and Sir John Orr; physies, Pro- 
fessor Allan Ferguson and Professor P. M. S. Black- ] 
ett; chemistry, Professor F, G. Donnan and Professor 
A. C. G. Egerton; physiology and psychology, Pr- 
fessor Winifred Cullis; population, Professor L. Hog- 
ben; metallurgy, Professor J. D. Bernal; geology 
and geography, Professor P. G. H. Boswell; ,engi- 
neering, J. S. Wilson. 


G. Cocnran, mathematical statistician of 
the Rothamsted Experimental Station, arrived 
Ames, Iowa, on October 17 to work with the Statistical 
Laboratory for two months under a cooperative agree 
ment between the Iowa State College and the U. 5. 
Department of Agriculture. 


Proressors Cart J. Drake and C. H. Richardson, 
of the department of zoology of the Iowa State Col: 
lege, left for Argentina on October 21. At the inv 
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tation of the Agricultural Society of Argentina, they 
will make a study of grasshopper and locust prob- 
lems, and the application there of control measures 


peing used in the United States. 
Dr. Jonn F. Fuuron, Sterling professor of physi- 


| ology in the School of Medicine of Yale University, 


spoke on October 20 at a meeting of the university 
chapter of the Society of Sigma Xi. His subject 
was the history of oxygen with particular reference 
to Robert Boyle, John Mayow and Joseph Priestley. 


Dr. W. J. Humpureys, collaborator of the U. S. 
Weather Bureau and emeritus professor of physics at 
the George Washington University, gave on October 14 
an address entitled “Sky Splendors and Sky Puzzles” 
before the Rittenhouse Astronomical Society of Phila- 
delphia. 

Dr. GeorGE Howarp Parker, professor emeritus of 
zoology, formerly director of the Harvard Zoological 
Laboratories, lectured on October 19 before the Amer- 
ican Academy of Arts and Sciences, Boston. His sub- 
ject was: “Modern Views on the Action of the Nervous 
System as Illustrated by the Color Changes of Ani- 
mals.” 


At the annual meeting of the Association of Amer- 
ican Medical Colleges, which opened at Syracuse on 
October 24, the presidential address was given by Dr. 
Alan M. Chesney, dean of the School of Medicine of 
the Johns Hopkins University. Among the principal 
speakers was Dr. Thomas Parran, Jr., surgeon general 
of the United States, whose address was entitled “The 
Future of the Public Health Movement.” The open- 
ing session included a symposium on the place of pre- 
ventive medicine in the medical curriculum. 


At the New York meeting of the clinical congress of 
the American College of Surgeons, the fourth annual 
oration on surgery, delivered by Dr. Walter W. Chip- 
man, professor emeritus of the McGill University Med- 
ical College, was a tribute to Dr. Allen B. Kanavel, a 
founder and former president of the college. 


THE Section for Psychology of the American Asso- 
ciation for the Advancement of Science will meet in 
Richmond, Va., from Tuesday, December 27, to Thurs- 
day, December 29. In addition to the usual program 
of contributed papers there will be, on Wednesday, 
December 28, a symposium on “Recent Advances in the 
Psychology and Physiology of Audition,” under the 
chairmanship of Dr. Elmer A. Culler, of the University 
of Rochester. 


Tue eighth semi-annual meeting of the Eastern 
Photoelasticity Conference will be held on December 
10 at Columbia University. A symposium on three- 
dimensional photoelasticity is planned for the tech- 
nical sessions. Further information may be obtained 
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by addressing R. D. Mindlin, Columbia University, 
New York City. 


Tue first meeting of the newly organized Phila- 
delphia Geological Society under the presidency of 
Professor Edward H. Watson, chairman of the depart- 
ment of geology at Bryn Mawr College, was held on 
October 20 in the library of the Academy of Natural 
Sciences. A short address by Charles M. B. Cad- 
walader, president of the academy, opened the meet- 
ing, and the principal speaker was Professor W. Berry- 
man Scott, of Princeton University, who spoke on 
“Philadelphia as a Center of Vertebrate Paleontology 
Sixty Years Ago.” This society has grown from small 
informal meetings at the University of Pennsylvania, 
which were instituted in 1934 by Dr. A. Williams 
Postel, of the department of geology. Plans for the 
expansion of the society were drawn up last spring 
by a committee under the chairmanship of Dr. B. F. 
Howell, of the department of geology and paleontology 
of the Academy of Natural Sciences. 


It is reported in Nature that the International Union 
against Cancer, which comprises ninety-two organiza- 
tions representing fifty-two nations, has succeeded in 
arranging for an International Week against Cancer 
for November 23 to 30, which it is hoped will take 
place simultaneously in fifty countries. In connection 
with the celebrations, an international commemoration 
of the discovery of radium, electrons, x-rays and 
Hertzian waves will take place on November 23 at 
the Sorbonne. Papers will be presented by O. Hahn, 
Berlin-Dahlem; G. Hevesy, Copenhagen; G. P: Thom- 
son, London; M. von Laue, Berlin; A. Sommerfeld, 
Munich; J. Errera, Brussels; F. Carter Wood, New 
York; J. D. Bernal, London; H. Stubbe, Berlin- 
Dahlem; A. Bouwers, Eindhoven, and L. Marton, 
Brussels, in addition to French men of science. Fur- 
ther particulars of the meeting can be obtained from 
the secretary-general of the Semaine Internationale 
contre le Cancer, 18 rue Soufflot, Paris (V). 


THE Medical College of Virginia, Richmond, has 
received from the estate of the late Bettie Davis Wood 
securities valued at slightly more than a million dollars. 
This will be added to the endowment funds of the in- 
stitution and used for general purposes. The bequest 
will be known as the Judd B. Wood and Bettie Davis 
Wood Memorial, named for the late Dr. Wood, who 
was a dentist of Richmond, and his wife, who together 
provided the bequest. 


Puans for the first building for the Institute for 
Advanced Study at Princeton have been approved by 
the board of trustees. At present members of the 
institute use the buildings and facilities of Princeton 
University. While relations with the faculty and 
advanced scholars of the university will continue, the 
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new hall will provide a center of activity for its now 
scattered students. It will be known as Fuld Hall, in 
honor of Felix Fuld, whose wife was one of the original 
founders of the institute. Construction will begin im- 
mediately and it is hoped that it will be ready for 
occupancy by the middle of September, 1939. The 
hall, which will be erected at the cost of $500,000, will 
be constructed of colonial and Georgian brick. It will 
be approximately 250 feet in length, and will be situ- 
ated on the Olden farm, a tract of about 450 acres 
adjoining the Graduate College of Princeton Univer- 
sity. There will be studies for members of the pro- 
fessorial staff and students, in addition to seminar 
rooms, a library, a commons and a lounging room. 


THE cornerstone for the new building of the New 
York Medical College, Flower and Fifth Avenue Hos- 
pitals was laid on October 20. This date is the fiftieth 
anniversary of the laying of the cornerstone of the old 
buildings at 64th Street and is eighty years since the 
founding of the institution by William Cullen Bryant. 
The new building is located between 105th and 106th 
Streets on Fifth Avenue. It is expected to be com- 
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pleted for occupancy by June, 1939. A special pro- 
gram given in the afternoon included speeches by p, 
George W. Crile and Mayor Fiorello H. La Guardia, 
The new building will house all the departments of th, 
college as well as the out-patient department of th 
hospitals. 

A Division OF AGRICULTURAL AND INDUSTRIAL Map. 
KETING was recently set up by the Oregon State Boarj 
of Higher Education, its purpose being “to increas 
the wealth and income of the people of Oregon by 
encouraging the use of scientific methods in marketing 
Oregon products.” A committee has been appointed 
by the board to advise with the director of the new 
division on all important matters of policy and pr. 
cedure. The term of service of members will be nine 
years, one member to be appointed each year. The 
nomination of a director will be made by a committee 
consisting of Dr. Frederick M. Hunter, chancellor of 
the Oregon State System of Higher Education, Presi. 
dent Donald M. Erb, of the University of Oregon, and 
President George W. Peavy, of the Oregon State 
College. 


DISCUSSION 


NUCLEAR CONTROL OF CELL ACTIVITY 

THE changes that take place during development 
resulting from the loss or shift of chromosomes or 
chromosome segments have a direct bearing on the 
control of growth. Stern has pointed out recently’ 
that single cell mosaics indicate a regulation of char- 
acters expressed in the cytoplasm by the nucleus, evi- 
dently by means of diffusible substances that pass 
through the nuclear membrane, since there is no sub- 
sequent cel] division and consequently no disappear- 
ance of the nuclear membrane. 

In maize seeds single cell mosaics exhibit changes 
in color, in starch formation and in size and shape of 
cells. Color in the aleurone cell is expressed in pig- 
mented granules in the cytoplasm. The nucleus is 
colorless. Starch is likewise laid down in the cyto- 
plasm and may vary from the normal blue-staining 
starch to the red-staining erythrodextrin, to the brown- 
staining sugary condition or to colorless. Changes in 
size of aleurone cells range from twice the diameter of 
normal cells up to ten times normal size or even more. 
Shape also varies widely from the normal spherical 
condition. 

All these changes occur in single cells which appear 
alone or paired with other cells showing different alter- 
ations from normal. The effect of lethal conditions is 
also manifested in single cells. Lindegren and Scott? 


1 Amer. Nat., 72: 350, 1938. 


illustrate an ascus in Neurospora with four of the eight 
ascospores aborted. These aborted and normal cells 
are arranged in such an order that the lethal action 
did not stop cell division until the second equational 
division had taken place. This is an apparent excep- 
tion to the direct action of diffusible substances, since 
the lethal effect was delayed until after one cell 
division. 

The evidence derived from genetie and cytological 
observations shows that changes originate in aberrant 
chromosome behavior. The exact nature of this aber- 
ration is not known in every case, but the final result 
of these nuclear changes is expressed in the cytoplasm. 
Since in the single cell mosaics no cell division has 
taken place following the first alteration in nuclear 
constitution, the changes in cell size, shape and con- 
position are apparently due 1o some influence origi- 
nating in the nucleus and passing through the nuclear 
membrane. 

External agents, which may be physical, chemical or 
biological, can initiate changes in cell activity. They 
are either similar in their action to substances origi- 
nating in the nucleus or they act upon the nuclear ma- 
terial in such a way as to bring about the production of 
more or less of the same substances. Since these in- 
duced growth alterations are sometimes permanent, in 
that they can be propagated indefinitely by tissue trans- 
plantation it would seem more likely that the effect 
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of external agents is an indirect one, first altering the 
nuclear constitutents. These in turn have their effect 
in the usual way. This seems probable in view of the 


S fact that many heritable growth variations are similar 


to the induced changes and these naturally arising 
variations can be recombined with other heritable 
characters whose determiners are known to be located 
on the chromosomes. 
DonaLp F. Jones 
CoNNECTICUT AGRICULTURAL EXPERIMENT 
graTION, NEw HAVEN 


MEASUREMENTS OF FOREST FIRE DANGER 


AutHouGH the annual destruction of life and prop- 
erty attributable to forest fires is enormous, scientific 
methods of forest fire control in the United States are 
of comparatively recent origin. In one important 
phase of control, that of determining how large a net- 
work of observers is necessary for the purpose of dis- 


| covering forest fires in their infancy, accurate means 


of determination have been largely lacking. As a 
result of this uncertainty, lookout points have been 
excessively manned in some years, thus introducing 
unnecessary costs, and under-manned in other years, 
resulting in excessive fire damage. 

The problem presented here is actually one of deter- 
mining the burning conditions in the forest, #.e., the 
relative ease with which fires will start, spread and do 


' damage. Fire danger, as the sum of these conditions 


is termed, has interested research foresters for several 
years. Beginning fire danger measurements in 1922, 
the Northern Rocky Mountain Forest and Range Ex- 
periment Station of the U. S. Forest Service has 
recently devised a method which is achieving consider- 
able success in the field. This method depends upon a 
knowledge of the important factors contributing to fire 
danger, methods of measuring these factors and inte- 
gration of measurements into single numerical results. 

Important factors contributing to fire danger vary 
from one forest region to another, but in the northern 
Rocky Mountains these factors have been determined. 
They are: 

(1) Season of year: In spring and early summer 
the green moist growth of herbaceous plants and shrubs 
actually hinders the progress of fires. Later, as these 
plants mature, they accelerate forest fire spread and 
intensity. At the same time hours of daily sunshine 
decrease with advancing season, and finally this latter 
Process largely offsets the increased danger from 
maturing plants. 

(2) Fuel moisture: The moisture content of tree 
needles on the forest floor and dead branchwood on the 
ground and just above it is largely dependent upon 
meteorological conditions. Its influence upon inception 


® of fires and later behavior is considerable. 
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(3) Relative humidity: The moisture content of all 
forest fuels is influenced by atmospheric humidity. 
This relationship is especially important in the case of 
fine forest fuels such as tree moss, dead grass and 
weeds. 

(4) Wind velocity: Rate of spread and the character 
of an advancing fire, as well as the rate at which forest 
fuels lose moisture, are dependent to a considerable 
degree upon wind velocity. 

(5) Visibility: The distance at which small puffs of 
smoke can be detected under various stages of atmos- 
pheriec transparency influences the number of lookout 
points that must be manned under any set of fire 
conditions. 

(6) Activity of fire-starting agencies: In the north- 
ern Rocky Mountains lightning causes 72 per cent. of 
the forest fires. Man is a subordinate cause, although 
in other regions he may be of paramount importance. 

To measure wind velocity and relative humidity, 
standard types of anemometers and psychrometers are 
used. For measuring fuel moisture and visibility, 
however, new methods had to be devised. A visibility 
meter, employing a glass prism and binoculars, per- 
mits a determination of the distance at which a dark 
ridge can barely be seen. Since this bears a definite 
relationship to the distance at which a small puff of 
smoke can be seen, a visibility distance useful to the 
fire observer is calculated. Two methods are used for 
fuel moisture determinations. An instrument called 
the duff hygrometer measures moisture content of 
forest duff; it depends upon the principle that a strip 
of rattan increases in length by definite amounts as it 
absorbs water and decreases in length by corresponding 
amounts as it dries. The second method is simply a 
weight determination of cylinders of wood; the flue- 
tuations in weight are indications of fluctuations in 
moisture content. 

For integrating measurements into numerical re- 
sults, the fire danger meter has been employed. This 
is a pocket-size cardboard device somewhat similar to 
the Harvey exposure meter used in photography. The 
meter is easily adjusted to register whatever measure- 
ments of fire danger factors have been obtained. 
Through a small window in the meter, current fire 
danger is indicated. Until this year only seven classes 
of danger were used, but at the beginning of the 
present fire season, 65 classes of danger went into 
effect, ranging from 1.0 to 7.4. 

Each elass of forest fire danger indicates how many 
observers are necessary to provide adequate protection 
to the forests. Class 1 requires no men to be detailed 
to fire control; class 4 requires the “average season” 
protective organization; class 7 calls for measures to 
meet the most extreme danger. 

So successful is the system of classifying fire danger 
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in the forests of the northern Rocky Mountains that all 
national forest regions have been instructed to develop 
similar methods of measuring fire danger. 

Leo SHAMES 


FILMY FERNS IN THE CAROLINAS 

No species of the interesting and peculiar group of 
ferns known as the filmy ferns (Hymenophyllaceae) 
has ever been found in the Atlantic States north of 
Georgia. We can now report the occurrence of three 
of them in the Carolinas, one new to the North Amer- 
ican continent. They are: Hymenophyllum tun- 
bridgense (L.) J. E. Smith and Trichomanes Petersii 
A. Gray from Pickens County, northwestern South 
Carolina, and Trichomanes Boschianum Sturm from 
Macon County, southwestern North Carolina. The 
former is new to North America. The station for T. 
Boschianum near Highlands, N. C., was discovered by 
Dr. Herbert Hechenbleikner, who was working at the 
Highlands Laboratory with W. C. Coker. The two 
South Carolina plants were found by Mrs. Bayard 
Taylor several years ago. With her and Dr. Taylor, 
W. C. Coker visited the stations on October 9 of this 
year and found populous colonies of both of them. 
All three species were found on granitic gneiss, not on 
sandstone, as was to be expected. 
Mary §. TayYior 
W. C. CoKER 


UNIVERSITY OF NorRTH CAROLINA 


THE WOODS HOLE MARINE BIOLOGICAL 
LABORATORY 

BIOLOGISTS are reminded that one of the sources of 

income upon which the Marine Biological Laboratory 

depends for its maintenance is the sale of biological 
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materials by its supply department to educationa] and 
scientific institutions. 

In spite of the extensive damage to laboratory prop. 
erty caused by the recent storm, the supply departmen; 
is prepared to fill orders promptly. It will appreciat. 
at this time the opportunity of serving the members of 
the corporation and other biologists. 

By placing your orders for material with the supply 
department you will, in a substantial way, help the 
laboratory to repair its very considerable losses. 

The damage to the buildings of the Marine Biologica| 
Laboratory, caused by the storm of September 21, was 
almost wholly due to water. The tide in Buzzards Bay 
rose about 10 feet above the normal high water mark, 
overflowed the Eel Pond, poured into the supply de. 
partment building through the windows and doors, 
and filled the basement of the brick building to a depth 
of 4 feet. Before the flood abated it had put out of 
commission the great storage battery and the switch. 
board, covered microscopes and other apparatus with 
mud, leaked into many stocks of chemicals, and had 
ruined cabinets and drawers where much small scien- 
tifie material was stored. The loss to the supply de. 
partment was fortunately not large. 

Due to the unremitting efforts of those in charge of 
the various departments, the damage was kept at a 
minimum. But extensive repairs and replacements 
will be necessary. This work is already under way. 
It is confidently expected that the laboratory will soon 
be completely restored, and that research and instrue- 
tion will be carried on as usual during the summer of 
1939. 

CHARLES PACKARD, 
Associate Director 


SCIENTIFIC BOOKS 


LIGHT 
Light. Principles and Experiments. By Grorce §. 

Monk. Pp. xi+ 477, figs. 265. McGraw-Hill Book 

Company, New York, 1937. Price, $5.00. 

Tuts text-book gives a combined treatment of three 
branches of opties which are too frequently separated, 
namely, geometrical optics, physical optics and labora- 
tory work in both these fields. The first quarter con- 
tains a very good summary of geometrical opties: thick 
lenses, optical instruments, apertures, photometric 
principles and prism instruments. The principal sec- 


tion on physical optics contains chapters dealing with 
spectra, optical properties of media, effects of electric 
and magnetic fields, as well as the usual topies of inter- 
ference, diffraction and polarization. 

It is a pleasure to see that some spectroscopy is in- 
cluded, as this is one of the most important parts of 
applied opties. 


Additional experiments might have 


been outlined, such as those dealing with some of the 
uses of the quartz spectrograph and infra-red spec 
trometer. Such work would give valuable experience 
to the student, especially to one who is majoring in 
physics or chemistry. In order to provide a better 
background for such work, it would be advisable to 
give even more material on spectroscopic theory and 
nomenclature. In passing it might be noted that the 
author makes the mistake of saying that Rydberg's 
constant varies as the square of the atomic number of 
the element, whereas perhaps the most important con- 
tribution by Rydberg to spectroscopy is the demonstra 
tion that this constant is nearly the same for the art 
spectra of all elements. 

The diffraction grating could have been discussed 
more fully. The author considers that the theory 1s %° 
involved that it obscures the final results. However, i 
this case the vibration polygon method, in which om 
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adds the squares of the sums of the components of 
ihe amplitudes, is simple and applicable to many other 
diffraction problems as well. The diffraction pattern 
of a double slit and of a circular opening could have 
heen simplified by the use of this method. 

Too much is made of the fact that unpolarized light 
is not actually composed of the superposition of many 
linear component vibrations. Of course this is no more 
true than that the components of any force are really 
present in the force. It seems fruitless to discuss what 
is actually true in physical concepts. It is better to 
consider the extent to which the concept is useful, for 
example, that of rays in geometrical optics, waves in 
physical opties, wavelets in diffraction theory and pho- 
tons in the quantum theory of light. 

The introduction of an impossible cylindrical wave in 
the treatment of diffraction by a slit is certainly incon- 
sistent with reality. As a matter of fact, one encoun- 
ters here a two-dimensional integration over a plane or 
any other surface that one may choose. The integra- 
tion in the direction of the length of the slit is carried 
out first and gives only a constant factor, while the 
integration across the slit leads to the characteristic 
; result which is conveniently discussed with the aid of 
Fresnel integrals or Cornu’s spiral. 

In the chapter on double refraction it is stated that 
the double refraction of Cellophane is due to strains 
introduced in its manufacture. It should be more 
widely known that non-crystalline, strain-free mate- 
rials are doubly refracting if they have a sub-micro- 
scopic structure, for example, fibrous or lamellar. 
Because of this fact, the polarizing microscope finds a 
useful application in the grading of cotton fibers, as 
well as in the study of the structures of various other 
plant and animal fibers and membranes. 

The material in the chapter on color is not consistent 
with the best of modern practice in colorimetry, appar- 
ently because too much of it was taken from the older 
literature. The idea of desaturation by the addition 
of black is of no value in the measurement of color. 
The author makes reference to Hardy’s excellent Hand- 
| book on Colorimetry, but does not use it to the fullest 
advantage. 

The reviewer considers this to be the best book in 
its class, one for which there is a great need. In the 
intermediate optics laboratory it is desirable to include 
experiments in geometrical and physical optics and 
in spectroscopy without entirely losing sight of the 
underlying theory. This makes the field so broad that 
one has to select the subject-matter carefully, and it is 
not easy to satisfy a large number of teachers. Pro- 
fessor Monk has done very well indeed in this respect 
pes has made a valuable contribution to optical litera- 
ure, 

JOSEPH VALASEK 


UNIversity oF MINNESOTA 
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STATISTICAL AND MATHEMATICAL 
PHYSICS 


Statistical Physics. By L. LANDAU and E. LirsHitz; 
translated from the Russian by D. SHOENBERG. Pp. 
viii + 234, Oxford University Press, 1938. 

THIS book presents the results of thermodynamics 
obtained by consideration of statistical methods. In- 
stead of taking the first and second laws of ther- 
modynamies as fundamental first principles, the 
thermodynamic relations are derived from the atomic 
properties of the systems concerned. Thus we have 
presented in a uniform manner two subjects which, 
although their intimate relationship has long been 
recognized, are usually divorced, and treated in sepa- 
rate text-books. 

The authors confine themselves to those phenomena 
not connected with quantum effects. After a discussion 
of the fundamentals of statistics, they proceed to de- 
rive the usual thermodynamic functions and the gas 
laws. Then there are chapters devoted to chemical 
potentials and chemical reactions, phase equilibria and 
the properties of solutions. These are followed by a 
chapter on anisotropic bodies, which is based largely 
on original work of Landau. The book is completed by 
a discussion of surface phenomena, the whole forming 
a well-ordered and well-presented exposition. 

No doubt the authors will be criticized for the state- 
ment in the preface, “no attempt has been made at 
mathematical rigor, since this is anyhow illusory in 
theoretical physics, but we have instead tried to make 
clear the fundamental physical assumptions on which 
the results are based.” Nevertheless, the statement 
furnishes an excuse for such matters as the definition 
of probability as the limit of a ratio which approaches 
no limit in the rigorous mathematical sense and the 
omission of any discussion of the ergodic hypothesis. 
The clarity of the exposition as a whole, however, 
should largely condone such imperfections. 

A more serious objection ean be made to the complete 
lack of any numerical magnitudes of the quantities 
under discussion. Although there are examples inter- 
spersed throughout the text, they consist largely in the 
derivation of less important consequences of the theory. 
The comfortable feeling that one gets from knowing 
that the heat of vaporization at the boiling point is 
539 calories per gram for water, but only 2.7 calories 
per gram for methyl alcohol is completely lacking. 
This, to be sure, is purely a matter of opinion, and 
the text could certainly be supplemented in such a way 
as to correct this, if it were desired. Altogether, the 
book is excellently done and would represent a valuable 
addition to any one’s library. 


Methoden der Mathematischen Physik. By R. Cour- 
ANT and D. Hivsert, Vol. II, pp. xvi+ 549, Julius 
Springer, Berlin, 1937. 

PHYSICISTS will weleome the second part of this most 
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useful compilation. This volume deals with that part 
of the theory of partial differential equations which is 
important in relation to physics. The book is written 
primarily from a mathematician’s point of view, devel- 
oping the subject of partial differential equations in a 
systematic way, and then proceeding with the applica- 
tion of the theory to the problems of physics. Among 
the physical problems discussed are heat conduction; 
plane waves, Huyghens’ principle and the optics of 
crystals; the Hamilton-Jacobi equation; the telegraph 
equation; and potential theory and hydrodynamics. 
There is also a valuable section devoted to Heaviside’s 
method of operators. 

The last chapter deals with boundary and eigenwert 
problems from the point of view of variational caleu- 
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lations. There is an indication that the mathematica) 
methods discussed here will be of importance jy the 
future perturbation calculations of the quantum tip. 
ory. One wonders whether the present volume yj) 
have the almost prophetic nature of Volume I, whig, 
dealt extensively with eigenwert problems three yea, 
before the advent of wave mechanics. 

Although, for the most part, the applications ;, 
physics are in rather neglected and unfashionable fields, 
the book should be in the reference libraries of ,) 
physical laboratories. 

C. G. Mon 

BARTOL RESEARCH FOUNDATION OF 

THE FRANKLIN INSTITUTE, 
SWARTHMORE, PA. 


THE CAMBRIDGE MEETING OF THE BRITISH 
ASSOCIATION FOR THE ADVANCEMENT 
OF SCIENCE 


THE British Association for the Advancement of 
Science this year held its annual meeting in Cambridge 
from August 17 to 24. This was the fifth time since 
its foundation that meetings of the association had 
been held in Cambridge, and the second time in the 
present century. The first Cambridge meeting was the 
third of the association, held under the presidency of 
the Reverend Adam Sedgwick in 1833. The associa- 
tion met again in Cambridge in 1845, when Sir John 
Herschel was president, and has since convened in 
1862 under the presidency cf the Reverend Professor 
Willis, and in 1904 under that of the Rt. Hon. A. J. 
Balfour. 

Cambridge is in many ways a uniquely suitable set- 
ting for the association meetings. Situated as it is in 
the heart of the fen country, flanked by the chalk 
escarpment in the south and east, the western plateau 
south of Madingley along the Cambridge-Bedford road, 
and the fens in the north, it presents unique natural 
features of geographical and physiographical interest 
in addition to those of immense historical and more 
purely intellectual import for which it is more famous. 
It is likewise geographically extremely well centered 
for a great number of academic and industrial institu- 
tions of research and of learning in general, being 
especially readily accessible from the London and 
Oxford areas and reasonably convenient to the Mid- 
lands. 

The inaugural meeting of the association was held 
on the evening of August 17, in the Regal Cinema, St. 
Andrews Street, at 8:00 P.m. This year’s president of 
the association was the Rt. Hon. Lord Rayleigh, who 
had officiated as president of Section A in 1929. His 
address, entitled “Natural Vision and Vision Aided 
by Science,” dealt with two rather sharply differenti- 


ated subjects—the extension of our sense of vision in 
the many ways which science has made possible and 
the degree of responsibility which the scientist must 
bear and the degree of censure from society as a whole 
to which he is justly subject, in connection with modem 
warfare. The address has appeared in SCIENCE for 
August 26 and September 2. 
THE SECTIONAL MEETINGS 

The association met, as usual, in thirteen sections, 
beginning on Thursday, August 18, and continuing 
throughout the time of the meeting. 

The presidential address in Section A, given by Dr. 
G. C. Darwin in the Arts School on Friday, August 19, 
dealt with “Logie and Probability in Physics,” part 
of which was printed in the issue of Science of 
August 19. 

The sectional papers were characterized particularly 
by the symposium on nuclear physics, introduced by 
Niels Bohr, and to which contributions were made, 
among others, by Cockroft, Bothe, Dee and Feather. 
The central theme of the discussion was the Cavendish 
cyclotron and the uses to which it would be put, 3 
study of excited states and of neutron-induced radio 
activities in general. The mathematics portion of the 
section program was devoted very largely to a discus- 
sion of Newtonian root evaluations and a symposiull 
on combinatorial mathematics in the design of exper 
ments. A symposium on magnetic alloys and x-riJ 
structure comprised the second major portion of tle 
physics program, introduced by Bragg and participated 
in, among others, by Stoner, Bradley, Sucksmith an( 
Oliver. Symposia on high-altitude cosmie radiatio! 
and low temperature physics, introduced respectivel) 
by Professor P. M. S. Blackett and Dr. H. G. 3 
Casimir, continued an unusually rich program, whit! 
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was concluded by a symposium on seismology, intro- 
dueed by Dr. F. J. W. Whipple. 

The chemistry of gold was a principal theme of 
Section B (Chemistry) and was the subject of the 
presidential address of Professor Charles F. Gibson. 
Professor Gibson dealt particularly with the coordina- 
tion numbers and covalency of aurous and auric gold. 
It was pointed out that while cuprous copper and 
argentous silver can exhibit 2- and 4-covalency, aurous 
gold is always 2-covalent, with the possible exceptions 
of the non-electrolytic complex aurous halides studied 
by Mann and his co-workers. Aurous gold shows an 
effective atomic number of 82. Auric gold is always 
coordinated and in its stable compounds always 4-co- 
valent with a slight tendency to become 5-covalent. 
(jibson gave some account of original work in the 
preparation of dialkylhalogeno gold compounds, mono- 
alkyldibromo complexes and cyano derivatives of or- 
ganic gold compounds, and concluded with a discussion 
of the structure of gold compounds, with emphasis on 
the planar configuration and symmetrical distribution 
of the four valencies of tervalent Au and the possible 


4-covalency of aurous gold. 


The sectional discussions included symposia on the 
organic chemistry of metals, with emphasis on the noble 
metals, introduced by Dr. F. G. Mann, on modern 
methods of chemical analysis, introduced by Dr. J. J. 


| Fox, a discussion on clays, of which the chairman was 


Professor E. K. Rideal, and one on the repercussions 


| of synthetic organie chemistry upon biology and medi- 


cine, introduced by Professor Sir F. Gowland Hopkins. 
The meetings were punctuated by interesting trips of 
inspection of the chemistry laboratories, and to the 
works of the Cambridge Instrument Company in Car- 
lyle Road and by a demonstration of gold films. 

The meetings of Section C (Geology) were opened 
by an address by Professor 0. T. Jones on the geol- 
ogy of the Cambridge district. The presidential ad- 
dress was given on Monday, August 22, on “Develop- 
ment and Evolution” by Professor H. H. Swinnerton. 
Professor Swinnerton considered at length the relative 
positions of phylogeny and ontogeny in the evolution 
of organisms, and the similarities and differences be- 
tween the positions which were first defined by Von 
Baer and Haeckel on this subject, regarding juvenile 


» and adult recapitulation. Attention was called to the 


i 


fact that, on the whole, the more lowly and simple the 
organism, the more complete will recapitulation be 
found to be within its race. The phenomenon of local- 
ized recapitulation can be found in those organisms 
which reproduce by budding and a sort: of colonial 


© recapitulation in colonial organisms. Recapitulation 


of adult features occurs most frequently during the 
heanie period of development, while juvenile recapitu- 
lation, while undoubtedly occurring, is harder to eluci- 
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date. Coenogenesis (the appearance of new characters 
at an early stage of development), proterogenesis (the 
extension of new characters from early to late stages 
of development) deuterogenesis and tachygenesis (the 
appearance of new characters at the latest stage of 
development and their extension to earlier stages) and 
mutation were discussed and their interrelationships in 
the formation of the organism described at length. The 
sectional meetings included a joint discussion with Sec- 
tion K on the post-glacial history of the fenlands, and 
discussion on the distribution and migration of certain 
animal groups in the British Lower Paleozoic fauna, 
on the origin of carbonate rocks associated with alkali- 
rich intrusions and a series of individual papers. Ex- 
cursions were included to Barnwell, Cherryhinton and 
Barrington, Upware and Warboys, Thrapston and 
Stamford, Breckland, Underwood Hall and Wood Dit- 
ton and other points of geological interest. 

Section D (Zoology) had as president this year Dr. 
S. W. Kemp, whose address, entitled “Oceanography 
and the Fluctuation in the Abundance of Marine Ani- 
mals,” dealt in some detail with the intimate relation- 
ship between phosphate content of certain sea waters, 
especially those of the Channel, and the population of 
plankton and, ultimately, of fish life in those same 
areas. Dr. Kemp illustrated his thesis with a rather 
detailed history of the periodic fluctuations of herring 
abundance noted in the Channel and other waters 
over periods of years and the corresponding changes 
of phosphate content of those same waters. The see- 
tional papers were mostly individual in character, the 
first several dealing with fish and fisheries, while later 
ones included discussions of zoological field stations 
in the United States, the succession of Hemiptera- 
Homoptera in the afforested areas of Breckland, phases 
in locusts, diversification of form in medusae and the 
origin of tetrapods. There was a joint discussion with 
Section K on the “Mechanism of Evolution,” the chair- 
man of which was Professor D. M. S. Watson, and a 
symposium on sense perception and the evolution of 
color and pattern introduced by Dr. J. S. Huxley. A 
semi-popular lecture was given on Monday, August 
22, in the Arts Theater by Mr. H. C. Gilson on “Lake 
Titicaca,” followed by biological films. There was a 
symposium, also, on the role of environment in animal 
locomotion. There was an excursion to Wicken Fen 
and Breckland. 

The meetings of Section E (Geography) were intro- 
duced by the presidential address by Professor Griffith 
Taylor, on “Correlations and Culture, a Study in Tech- 
nique.” Professor Taylor went at length into the prob- 
lems of race and language differentiation, pointing out 
that geography is essentially a liaison science, linking 
“environmental” with “human” studies. He set forth 
reasons for feeling that certain peculiarities common 
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to central Asia in ancient times favored the cradling 
of races of many kinds, and the rapid evolution of 
new forms from old—notably, perhaps, those of men 
from pre-men, exactly as we know occurred in the same 
region for sheep from antelopes. Professor Taylor 
went on to describe his well-known “zones and strata” 
theory of cultural evolution, and deseribed the tendency 
in many different fields, for primitive forms, of eul- 
ture, race, language or, among animals, species to be 
pushed to the periphery of a developmental area whose 
center they originally occupied. Taylor extended the 
zoues and strata concept to many developments to 
which it ordinarily is not applied, such as the growth 
of a modern city. The address was concluded with an 
expression of the futility of such attempted race dis- 
tinction as has been practiced variously in Continental 
Europe and by an appeal that the place of classics in 
a modern education be taken by the social sciences, 
especially in Australia and Canada. The sectional 
addresses included a series of papers on the geographi- 
cal impressions of the Scientific Delegation to India, 
1937-38, one on English ports and estuaries in their 
geographical setting, a discussion on some aspects of 
the regional concept and individual papers covering 
such subjects as King George VI Sound in the Ant- 
arctic, a description of the Geographical Laboratory, 
Suffolk agriculture in the Middle Ages, East Anglia 
and the Civil War, the physiography of Northwest 
Suffolk, the draining of the Fens, cirque formation in 
Iceland, the classification of communities by oceupa- 
tion, the Sidmouth coast and the preservation of its 
scenery, and irrigation in the Canterbury Plains of 
New Zealand. There were excursions to Hunstanton 
and to the Fenland, and to the River Great Ouse Catch- 
ment Board. The sectional dinner was held on Mon- 
day, August 22, and there was a joint tea with Section 
H at St. Catherine’s College on Thursday, August 18. 

The president of Section F (Economics) for this 
year was R. F. Harrod, whose address was entitled 
“Scope and Method of Economies.” Dividing the pure 
theory of traditional economics into two elements, the 
first, theory of value and distribution, the second, the 
statement that productive resources should be so dis- 
tributed among occupations as to yield an equi-mar- 
ginal net profit, Harrod discussed economic criteria 
in general and methods of their examination, including 
the general static theory of value and distribution, 
dynamic economics so-called, representing the body of 
thought relating to the increase or decline of economic 
magnitudes and empirical economic studies. All three 
fields, it was pointed out, include powerful tools for 
the study of economic methods and results, and should 
be used coordinately. Individual section papers in- 
cluded discussions on the policy of government storage 
of foodstuffs and raw materials, the present position 


SCIENCE 


VoL. 88, No, 2987 


of sociology, unemployment in relation to the trade 
cycle, the economic recovery of Germany, public jp. 
vestment and trade cycle policy, professionalism, meq. 
surement of the mobility of labor, employment in th, 
United Kingdom since 1929, local diversity of industry 
and the rate of unemployment, the interpretation anq 
allocation of cost, the business view of the relation 
between price and cost, overhead costs, internationg] 
short-term capital movements and the trend of By. 
tain’s balance of payments. 

Professor R. V. Southwell, as president of Scetioy 
G (Engineering), gave a penetrating and absorbing 
address on “The Changing Outlook of Engineering 
Science.” Pointing out the analogy between the mod. 
ern engineer and the modern medical man, both of 
whom are charged by society with the obligation to 
take the new facts discovered by more specialized and 
more socially remote workers and to apply them prac. 
tically for the good of humanity, he considered jy 
detail what might in fact be the fate of the relatively 
generalized engineer in a rapidly specializing world. 
Will he, in fact, be pushed to the wall by the highly 
technically trained, but perhaps humanly less con- 
petent, industrial physicist and chemist? Will he, 
within a few years, find that the honorable niche which 
has so long been reserved for him has, in fact, closed 
over? Professor Southwell concluded, comfortingly, 
that this is not true. The job of the engineer differs 
fundamentally from that of the industrial chemist or 
physicist in that while the latter will use his training 
directly in his industrial work, the former is required 
to learn, not facts, but methods of handling facts and 
people. Personality is therefore important in the 
equipment of the engineer, and it is much more impor- 
tant for him to have a broad fundamental grasp of 
principles than a detailed knowledge of subjects. In 
the training of the modern engineer, therefore, it is 
unwise to merely impose “harder papers” in examina- 
tions—it is breadth, not detail, of training which is 
wanted, and sufficient leisure to develop a degree of 
individual personality. The special outlook of engi- 
neers, Southwell felt, will preserve both academic and 
practical engineering from merging with either chemi- 
cal or physical research, because of the predominantly 
applicational aspect of the engineering view-point, 2s 
opposed to the more purely detached view-point of 
scientific research. Southwell strongly urged a closer 
contact and cooperation between the academic and the 
industrial engineer—-a point strongly stressed by Dr. 
Fleming in his address to the section last year. In con- 
clusion, Southwell pointed out that the engineer is 2° 
more to be held responsible for the awful uses which a! 
unprepared humanity may make of his discoveries an4 
inventions than any other professional worker. I 
this conclusion, the address strongly reiterated the dicta 
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of Lord Rayleigh in his presidential address. Papers 
in the section included one on road development, a 
symposium on vibration, introduced by Professor C. 
E. Inglis, one On some experience in the use of scale 


| models in general engineering, a joint discussion with 


Section A on magnetic measurements with special ref- 
erence to incremental conditions, one on a new torque 
converter for motor cars, one on engineering instru- 
ments and several series of short papers by junior 
engineers. There were excursions to the works of 
Messrs. Chivers and Sons, Histon, Messrs. Pye, Ltd., 
and Messrs. Kryn and Lahey, in Letchworth. 

The presidential address of Section H (Anthropol- 
ogy) was given on Monday, August 22, by Dr. V. Gor- 
don Childe, on “The Orient and Europe.” Dr. Childe 
considered at some length the probable extreme an- 
tiquity of Oriental culture, and the extent to which it 
has influenced all the cultural trends of modern 
Europe. He pointed out how thoroughly the almost 
purely speculative comment of Montelius in 1899 to the 
effect that Oriental cultures were already well estab- 
lished and differentiated at a time when the peoples 
of Europe were essentially without any civilization 
whatever had been proven by excavated evidence. 
Excavations have beyond all doubt established the 
immense antiquity of Oriental cultures, probably 
reaching back, in the Tel Halaf culture, to 5000 B.c., 
while work in Anatolia and excavations in Moravia go 
far toward proving connections between Europe and 
Asia. The Vardar-Moravia complex establishes at 
least once a continuity of culture from the Aegean to 
the Danube basin. On the strict application of Mon- 
telius’ axiom, the beginnings of the Continental Bronze 
Age should be nearer 2800 than 1800 B.c. Finally 
Childe considered the effect that a more contracted 
chronology might have on Montelius’ theory. 

The sectional papers showed widely varied interests 
among the members. They included symposia on Aus- 
tralia and Australian life, introduced by Professor F. 
Wood-Jones, on the Swanscombe find, on the Middle 
Paleolithic and on Ritual. The individual papers were 
extremely numerous and included a very wide range 
of subjects, representative of which were addresses on 
the portholed megaliths of the British Isles, the Roman 
occupation of the Fenland, problems of winter life in 
Swedish Lapland, Manx house types, some sociological 
aspects of Cambridge, a new view of Quaternary cave 
art, the rediscovery of the ancient Orient, prehistoric 
Anatolia, re-examination of the Piltdown problem, the 
immense range of natural selection, a religious “racket” 
in the Gold Coast, the influence of sign language in 
civilization, calendar customs in the eastern counties, 
some Welsh light upon the evolution of the chair, sur- 
vivals in dress and the equipment of the soldier 
throughout. the ages. A sectional reception was held 
in the Museum of Archeology and Ethnology in Down- 
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ing Street and at Leckhampton House. There was also 
an excursion to the Gog Magog Hills on Saturday. 

The eye and brain as factors in visual perception, 
dealing with various aspects of the physiology of 
vision, formed the subject of the presidential address 
given before Section J (Psychology) by Dr. R. H. 
Thouless on Friday. Dr. Thouless discussed the evolu- 
tion and the limitations of the “Transmission Theory” 
of vision as understood by Helmholtz, in which all 
mechanics of the process except those dealing directly 
with retinal changes were neglected. The transmission 
theory has been fruitful in the field of sensory physiol- 
ogy, but nearly valueless in the field of perception, 
because of its neglect of the lack of coordination 
between images as received and as sensed. Thouless 
pointed out that there is a discrepancy, very wide 
among certain individuals, between the image which 
is received on the retina and that sensed by the brain. 
Thus the image of a cardboard ellipse falling on the 
retina will appear to the brain to be circular when in 
fact it is not so. Similarly, judgments of distance are 
rarely accurate, being in some individuals too great, in 
others too small. People having “high phenomenal 
regression” tend, in general, to judge accurately both 
of the size and brightness of the objects which they see. 
Those, on the other hand, whose “phenomenal regres- 
sion” is low tend to have a wide gap between the images 
which they see and those which they sense. It seems 
as if the image as it falls upon the retina acts as a cue 
or template upon which the mind can build up a pie- 
ture, but the differences in the composite as against 
the received picture may be small or relatively great. 
The tendency to see real characters increases through 
life. Certain occupational classes seem to select for 
high or low phenomenal regression: thus artists, as a 
whole, tend to show a lower, good motorists and taxi 
drivers a higher, regression in general. 

The sectional papers, again, were very numerous and 
exhibited an extremely wide range of subject and 


interest. Typical of them were ones dealing with 


heredity and mental hygiene, the problem of direction 
of thought, facts and fallacies in the social psychology 
of early childhood, temperament, social implications 
of vocational guidance, motor learning and morphology 
of the responses, recent experiments on birds, acquired 
color blindness, sensory adaptation in vision and hear- 
ing, friendliness and unfriendliness between different 
social groups, present trends in American psychology, 
generalized foreign politics, hormic psychology, a joint 
discussion with Section L on the educational signifi- 
cance of the cinema and wireless, assisting mental 
hygiene by literature, some verbal problems connected 
with the definition of personal qualities, examination 
of behavior in attempting difficult tasks, and some 
factors affecting the reliability of the interview as a 
method of obtaining personal information. Exeur- 
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sions were arranged to the Royal Eastern Counties 
Institution in Colchester and the works of the Cam- 
bridge Instrument Company. There was also a dem- 
onstration of apparatus and experiments in the Psy- 
chological Laboratory. 

Section K (Botany) met under the presidency of 
Professor W. Stiles, the subject of whose address was 
“The General Physiology of the Plant Cell and its 
Importance in Pure and Applied Botany.” Stiles 
classified researches upon general cell physiology as 
belonging in general to four fields: those concerned 
with the physical and chemical constitution of proto- 
plasm and other cell constituents, with the study of 
cell enzymes and their action, with problems of cell 
permeability and with respiration. A considerable 
discussion of aerobic and anaerobic respiration, with 
particular emphasis upon the part played by malic 
acid, was given. The disappearance of malic acid was 
ascribed to its oxidation to oxalacetie acid, the conver- 
sion of this to pyruvic acid and breakdown of the 
latter on removal of the inhibitor of carboxylase. 
Further consideration was given of mechanisms of 
respiration and of the absorption of water by the plant 
cell and the general phenomena connected with osmosis. 
The extreme importance of cell physiology in all 
branches of botany was stressed, and attention was 
ealled to its importance in agriculture, through such 
subjects as nutrition, carbon assimilation, vegetative 
development, flowering and fruiting. Its importance 
in food preservation techniques, through studies of 
rapid freezing and the effect of cold storage upon 
enzymes, cells and tissues, and in forestry and in the 
production of such plant products as cotton, linen, 
jute, rubber, tea, sugar and tobacco was emphasized. 

The sectional addresses included symposia on the 
cultivation of British hardwoods, a joint discussion 
with Section D on the mechanism of evolution, already 
mentioned, and discussions on the ecological aspects 
of afforestation and the present aspects of plant virus 
research. Individual papers were very numerous. 
They were represented by reports of researches on the 
physical nature of the outer surface of the cell walls 
of the mesophyll of the leaf, the measurement of light 
in relation to plant growth and distribution, the roles 
of osmotic and electroosmotic pressures in the regula- 
tion of cell turgor, the effects of pressure on the prop- 
erties of protoplasm, the comparative toxicity of in- 
organic plant poisons, temperature and the starch/ 
sugar balance in potatoes, the hormone system of the 
rye grain, the catechol oxidase system, the sexual proc- 
ess in the rust fungi, the vegetation of the Inner 
Hebrides in the early Tertiary period, the present 
position of forestry at Cambridge University and a 
considerable number of ecological, taxonomic and 
structural papers. There was also a number of excur- 
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sions, notably to the Roman Road and the Gog 
Hills, the Cambridge Experimental Area and Coning. 
ton Hall, to Wicken and to Weasenham Wood. 1 
section dinner took place in the combination room ¢ 
St. John’s College. 

The president of Section L (Edueation) was \y, 
John Sargent. His address, “The Function of Aq. 
ministration in Public Education,” was delivered 
Friday, August 19. It dealt with the character os 
local administration as it affects school policy, an 
with suggested changes in it. Sargent pointed oy 
that a vastly increased interest taken by the state 
in the affairs of the ordinary citizen in recent time 
has forced home the need for administrative deyoly. 
tion with consequent development of local administra. 
tive authority. This raises many problems in relatioy 
to the nature of the units themselves. The first is tha} 
of size, the present units dating in many eases fron 
Saxon times and being highly non-uniform both jy 
area and in number and character of population. | 
would be highly desirable to increase the uniformity 
of the units in these respects. The question of per. 
sonnel is also a vexing one. The present personnel >f 
educational administrative districts is essentially split 
into a professional and a non-professional portion, and 
the latter, again, into persons coopted for their knovw- 
edge and interest in education and those chosen by the 
people not primarily for this quality. The amatew 
portion of this personnel has deteriorated in recent 
years, and has come to consist more and more of per- 
sons with political aspirations of one sort or another. 
It was proposed that the educational standard of the 
personnel be uniformly raised to that of a university 
training, and suggestions were made as to desirable 
sizes and numbers of the administrative units. 

The sectional papers included a report of the con- 
mittee on the content of school curricula and discus 
sions on tendencies in the design of schools, on educa- 
tion for a changing society and on the presidential 
address. An excursion was taken to Bottisham and 
Linton Village Colleges, and a luncheon was served 
for the section at Peterhouse at one o’clock on Thurs 
day, August 18. 


Section M (Agriculture) met on Friday, August J 


19, to hear the presidential address, delivered by Pro- 
fessor R. D. Stapledon, on ley-farming and a long- 
term agricultural policy. The address included « com- 
prehensive summary and analysis of farming methods 
in Britain, including the arable farm, ‘with crop rote 
tion with or withcut resort to a one-year ley, the alter- 
nate husbandry-ley-farm type, with its arable-grass 
grass-arable rotation, the nondescript and the perma 
nent grass farms. Of these, Stapledon believed, the 
ley type of farm is much superior to any other, and tle 
permanent grass, grazing type, much the worst from 
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the standpoint of efficiency, cleanliness and soil fertil- 
ity. An extensive discussion was given of the ley, 
arable-grass type of farm, on which the speaker is an 
pminent authority. The address was closed with a dis- 
eussion of plans for governmental loans to farmers, 
ihe “loans with advice” scheme, practiced in America, 
being most advocated. Rehabilitation loans to spe- 
cially suitable areas were also recommended. 

The section papers included comprehensive discus- 
sions on agriculture in relation to national employment, 
the practical problems of crop production and the 
practical problems of animal production. Visits were 
mdertaken by the section to the University Farm 
Plant Breeding Institute, to Cressing Temple, Brain- 
tree, Lord Rayleigh’s Farms, Hatfield Peverel, the 
Henry Ford Institute of Agricultural Engineering at 
Chelmsford, Little Hallingbury Park, at Bishop’s 
Stortford and the farms of Messrs. Chivers and Sons, 
Ltd. at Histon. 

Two evening discourses were delivered to members 
of all sections. The first, by Dr. H. Godwin on “The 
History of the Fens,” was given in the Arts Theater 
on the evening of Friday, August 19, and the second, 
delivered in the theater on the following Monday, dealt 
with “The Contribution of the Electrical Engineer to 
Modern Physies,” by M. L. Oliphant. Meetings of 


| the Delegates of Corresponding Societies for the Asso- 


cation met on Friday, August 19, and on the following 
Monday to discuss matters of common interest to the 
societies and the association. The presidential address, 


SCIENCE 


entitled “The Importance of National Parks in the 
Preservation of the Flora and Fauna of Great Britain” 
was delivered by Rt. Hon. the Earl of Onslow. The 
delegates had dinner at the Dorothy Restaurant on 
Friday, and a visit was organized to the University 
Botanie Gardens on Monday. 

A university reception for members of the associa- 
tion was held in the Senate House and Old Schools 
by the vice chancellor on Thursday evening, August 18, 
and on the evening of August 23 the Mayor and 
Mayoress of Cambridge invited members of the asso- 
ciation to a sherry party in Emmanuel College. The 
masters and fellows of Downing College invited five 
hundred members of the association to a garden party 
in the grounds of the college on Friday afternoon. 
Similar invitations, to varying numbers of members, 
were issued by the masters and fellows of Sidney Sus- 
sex, Christ’s and Queen’s Colleges. 

The masters and fellows of Trinity and St. John’s 
Colleges invited a limited number of members of the 
association to informal conversaziones on Friday and 
Monday evenings, respectively. A dance was held in 
the ballroom of the Dorothy Café on Saturday evening, 
while the Cambridgeshire Branch of the English Folk 
Dance and Song Society invited members of the asso- 
ciation to a party held in King’s College Fellows’ Gar- 
den, on the afternoon of Thursday, August 18. 


CaryL P. HASKINS 


UNION COLLEGE, 
SCHENECTADY, N. Y. 


SPECIAL ARTICLES 


EQUINE ENCEPHALOMYELITIS PRODUCED 
BY INOCULATION OF HUMAN ENCEPH- 
ALITIS VIRUS 


ForHERGILL et al.1 and Webster and Wright? have 


| reported the recovery of a filterable virus from the 


brains of children, of a nature very similar to equine 
encephalomyelitis virus (Meyer). A sample of one 
strain of the virus was submitted by Dr. Fothergill to 
the Pathological Division of the Bureau of Animal 
Industry through Colonel R. A. Kelser, U. S. Army 
Veterinary Corps, on September 24, 1938. 

The virus, represented by portions of mouse brain 
in glycerine solution, was triturated on the day of 
receipt in a Ten Broeck tissue grinder, and an ap- 
proximate 1.5 per cent. suspension in physiological 
salt solution was prepared. The suspension was cul- 
tured on serum agar slants and in beef infusion broth, 
which subsequently remained free of bacterial growth. 

‘Leroy D, Fothergill, John H. Dingle, Sidney Farber 


and M. L, Connerley, New England Jour. Med., 219: 12, 
411, 1938, 


s. Leslie T. Webster and F. Howell Wright, ScrEencE, 88: 
2283, 305-306, 1938. 


Following culture and during the procedures of inocu- 
lating the trial horses, the brain suspension was kept in 
a container of iced water. 

Three horses, one normal, an eastern-type* im- 
mune and a western-type immune were injécted intra- 
cerebrally under local novoeain anesthesia with 1 ec of | 
the prepared suspension on September 24. Immedi- 
ately following, on the same day, six guinea pigs were 
injected intracerebrally with 0.1 ce of the same sus- 
pension. All inoculations were completed by 1 P.M. 
On September 25 in the late afternoon the control 
horse had a temperature of 104.2° F. and the western 
immune a temperature of 101.8° F. On the days fol- 
lowing, typical, progressive symptoms of encephalo- 
myelitis (congested, “muddy” and icteric mucosae; 
maximum temperatures of 105.4°F. and 104.0° F., 

aL. T. Giltner and M. S. Shahan, North American 
Veterinarian, 14: 11, 25-27, 1933. 

4M. S. Shahan and L. T. Giltner, Jour. Am. Vet. Med. 
Asn., 86: n.s. 39, 6, 764-772, 1935. 

5 Carl Ten Broeck and Maleolm H. Merrill, Proc. Soc. 
Exp. Biol. and Med., 31: 217-220, 1933. 


6B. F. Howitt, Proc. Soc. Exp. Biol. and Med., 35: 4, 
526-528, 1937. 
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depression, stupor, anorexia, myopalmus, dehydration 
with rapid loss of flesh, splanchnic ridge, progressive 
weakness, paralysis and final collapse in recumbency) 
developed in both these animals. The normal animal 
(No. 1100) was sacrificed when completely prostrate 
on the third day after inoculation, September 27. The 
western-immune (No. 1011—vaecinated 5/12 and 
5/19/38 with formolized western type encephalomye- 
litis chick embryo tissue vaccine and exposed intra- 
cerebrally to western [Iowa-1937-1] virus 8/25/38— 
survived, after showing only a slight, transitory, febrile 
reaction and mild indisposition) was dead on the morn- 
ing of the fourth day after inoculation, September 28. 
The eastern-immune (No. 1042—exposed intralingually 
6/28/38 to eastern virus [South Carolina-1937-1]— 
developed typical, severe encephalomyelitis, recovering 
without treatment) remained normal and continues to 
be so at this writing. 

All the guinea pigs injected with the suspension of 
mouse brain likewise developed symptoms of typical 
encephalomyelitis (eastern type virus infection) and 
died, or were destroyed for harvesting of virus when 
prostrate, on the third to fourth days following injec- 
tion. A subsequent, bacteriologically sterile passage 
of the virus from two representative guinea pigs in 
the group was effected. Suspensions of brain tissue 
from the two horses (1100 and 1011) also produced 
typical, bacteriologically sterile encephalomyelitis in 
guinea pigs when inoculated intracerebrally. 

The symptoms in the inoculated animals, the com- 
paratively brief incubation period, the acute course 
of the disease, the immunity against the injected virus 
in the eastern-type-encephalomyelitis-immune horse 
and the equal susceptibility of the normal and the west- 
ern-type-encephalomyelitis-immune horses add conelu- 
sive evidence that the virus recovered by Dr. Fothergill 
from a human ease is indistinguishable from eastern- 
type equine-encephalomyelitis virus. It may be further 
noted now that all five of the strains of equine- 
encephalomyelitis virus which have been recovered by 
the Bureau from Massachusetts horses during the 
August-September, 1938, epizootic have been definitely 
determined to be of eastern type through exposure of 
guinea pigs immunized against eastern and others im- 
munized against western type equine vira.’ 

The addition of man to the list of species susceptible 
to equine-encephalomyelitis virus again brings to the 
fore the problems of epizootiology in connection with 
the equine disease and justifies further consideration 
and investigation of the role which the many other 
known susceptible species* ® might have in the spread 

7 Unpublished work. 

8L. T. Giltner and M. 8. Shahan, Science, 78: 2012, 
63-64, 1933. 


9L. T. Giltner and M. S. Shahan, Jour. Am, Vet. Med. 
Asn., 88: n.s. 41, 3, 363-374, 1936. 
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of the disease amongst horses, as well as to oy from 
the human family. 
H. W. Scuorniyg 
L. T. 


M. 8. SHanay 
PATHOLOGICAL DIVISION, 
BUREAU OF ANIMAL INDUSTRY, 
WASHINGTON, D. C. 


THE BEHAVIOR OF THE VIRUS OF YELLow 
FEVER IN THE MOSQUITO, AEDEs 
TRISERIATUS! 


THE extrinsic incubation period of yellow fever was 


“described by Corré, and the time limits of this peri 


were determined with a very considerable degree of 
accuracy by Carter? in 1898 before this disease was 
known to be transmitted by the mosquito, Aéir; 
aegypti. The conclusions of Carter were based on dats 
obtained from his observations of epidemics of yellow 
fever under natural circumstances. Within the pas 
decade methods have been developed for the study of 
yellow fever under experimental conditions, more pur. 
ticularly. by the infection of monkeys and mice. 

In 1904, Dr. Smith,® of New Jersey, raised the ques. 
tion whether the mosquito Aédes triseriatus (Say, 
1823) prevalent in that state might conceivably serve 
as a vector of yellow fever. This mosquito is neoaretic 
in its distribution, and it has been described as ocewr- 
ring from Maine as far southward as Florida and wes- 
ward to Montana, an area which lies outside the 
endemic zone of yellow fever. Our experiments were 
conducted with mosquitoes (A. triseriatus) from the 
region of Ithaca, N. Y. One of us (Baker) succeeded 
in establishing a colony of this species in a greenhouse 
insectary at Cornell University. The first experiment 
in transmission was conducted at the Harvard Medical 
School in the autumn of 1935, using the technique 
which we have ordinarily employed with A. aegypti. 
About 35 mosquitoes (A. triseriatus) were given al 
infective feeding on a monkey (Macacus rhesus) dying 
of yellow fever. After an incubation. period of 1/ 
days, at about 28° C., 7 of these mosquitoes were living 
and 6 fed on a monkey. Six days later there was al 
indefinite febrile reaction (104.1° F.) on one day only, 
and the monkey remained in excellent condition. ue 
month after the mosquitoes had fed arrangements welt 
being made to inject yellow fever virus for an immu 
nity test. Fortunately a delay of a few days occured 

1 From the Department of Tropical Medicine, Harvatl 
Medical School, Boston, Mass., and the Department of 
Entomology, Cornell University, Ithaca, N. Y. 

2H. R. Carter, New Orleans Med. and Surg. Jour., 5: 
617-636, 1900. 

3 J. B. Smith, ‘‘ Report of the New Jersey State Agricul 
tural Experiment Station, Trenton, New Jersey.’’ Ma 


Crellish and Dingley, State Printers: Trenton, N. J., 1904. 
4A. W. Sellards, Am. Jour. Trop. Med., 12: 79-92, 198% 
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and no injection was made; this monkey died of yellow 
fever 36 days after being bitten by mosquitoes. In the 
meantime, the colony of mosquitoes at Cornell had been 


discontinued. 
It was not feasible to resume this work until the 


present year. 
collected from tree-holes at Ithaca and reared in the 
laboratory of the Department of Entomology at Cor- 
nell University. Mosquitoes which had previously 
taken an infective blood meal were allowed to feed on 
four monkeys. These animals showed no febrile reac- 
tion, but two of them died of yellow fever after intervals 
of 10 and 13 days. Blood taken from the two surviv- 
ing monkeys failed to protect mice against yellow fever. 
The two monkeys which survived were bitten by mos- 
quitoes which were kept for 14 to 15 days at about 
98° (., whereas the two monkeys which died were 
infected by mosquitoes which were incubated at 
37° C. 

Ten mosquitoes which had ingested infective blood 


| of dying monkeys were tested for virus after incubation 


periods of 13 to 16 days. Each mosquito was ground 
in a mortar with a little serum-saline, and injections 
were made intracerebrally in white mice. The virus 
was recovered from 6 of these 10 mosquitoes. 


Briefly, the virus of yellow fever in its ordinary form 


was transmitted to monkeys (Macacus rhesus) by 
Aédes triseriatus, and there was some evidence of 
attenuation of the virus in this mosquito. 


Byron L. BENNETT 
Frep C. BAKER 
ANDREW WATSON SELLARDS 


CORRELATION BETWEEN SELF-BREAKING 
AND BLUE NUCLEI AMONG CERTAIN 
COMMERCIAL TULIP VARIETIES! 


Ir has been pointed out in “The Antithetic Virus 
Theory of Tulip Breaking”? that while the virus con- 
tent of the plant determines the type of breaking in all 
pink and nearly all red tulips some dark red varieties 
In such 
tulips the dark red anthocyanin of the flower epidermis 
is darkened in certain areas and left unchanged in 
others; the ground color is not exposed. Likewise the 
black tulip, La Tulipe Noire, when infected with a 
Virus, merely darkens. Several years ago the writer 


SCIENCE 


In March, larvae (A. triseriatus) were 


made the unpublished and then unrelated observation 
that nuclei apparent in mounts of the flower epidermis 
of La Tulipe Noire are sometimes blue. A study of 
virus effects on the new race of tulips known as Mendel 
tulips has shown that without exception every red 
Mendel variety bearing flowers with a white ground 
and blue base, selfs or darkens when inoculated with 
inoculum containing tulip virus I, the color-removing 
virus. Of the 49 red varieties studied, 21 evidence a 
blue pigment in the epidermis of the basal portion, 
which oecurs (1) free in the eytolymph of epidermal 
cells, (2) as prismatic erystalline masses, (3) within 
the nuclei of the cells or (4) in combinations of these 
three conditions. Frequently, the nuclei are so blue 
that no structure can be seen within them. The pig- 
mentation of the nuclei is greatest in cells that are 
beginning to degenerate but is also evident in cells that 


‘are apparently healthy. There is no correlation what- 


ever between the presence of a virus and the oceurrence 
of these blue nuclei. The pigment is present in both 
healthy and diseased individuals, and blue nuclei are 
evidenced wherever it is abundant. A further study 
of La Tulipe Noire shows that its approach to black- 
ness is due to the presence of intensely blue cells 
scattered among the dark red cells of the flower—the 
nucleus-staining pigment is not confined to the base 
of the flower. The blue pigment reacts positively to 
the qualitative reactions for an anthocyanin, changes 
to a rose color at pH 4.5 and to a yellow-green be- 
tween pH 7 and 8. Solubility tests tend to differen- 
tiate it from the conspicuous red anthocyanin of the 
tulip flower. Blue nuclei are found in the bases of 
red Darwin tulips that likewise self in the presence 
of the color-removing virus. It is not claimed that all 
red tulips having this pigment will always self, but no 
exception has been found for dark red Mendels. 

Freshly made mounts of tulip flower epidermis are 
beautiful microscopical objects. The clarity of the 
self-staining of the pigmented nuclei offers an ex- 
ceptional opportunity for nuclear study, especially 
since the pigment seems confined to the karyolymph. 
Moreover, the blue pigment acts as a selective intra- 
vital stain and exhibits vacuolation phenomena with 
astounding clearness. 

FRANK P. McWHorTER 
OREGON AGRICULTURAL EXPERIMENT STATION, 
CoRVALLIS 


SCIENTIFIC APPARATUS AND LABORATORY METHODS 


A SIMPLE COMBUSTION TYPE OF 

CARBON MONOXIDE ESTIMATOR 
Tuts method depends upon the conversion of carbon 
lonoxide into earbon dioxide by combustion and the 


“Published as Technical Paper No. 289 with the ap- 
Proval of the director of the Oregon Experiment Station. 
Contribution of the Department of Botany, Oregon Ex- 


reaction of this carbon dioxide with strontium hy- 
droxide (or other alkali-earth hydroxide), using phe- 
nolphthalein as an indicator. Obviously any carbon 
dioxide or hydrocarbon vapor which may be present in 


periment Station, in cooperation with the Bureau of Plant 
Industry, U. 8. D. A. 
* Annals of Appl. Biology, 25: 254-270, 1938. 
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depression, stupor, anorexia, myopalmus, dehydration 
with rapid loss of flesh, splanchnic ridge, progressive 
weakness, paralysis and final collapse in recumbency) 
developed in both these animals. The normal animal 
(No. 1100) was sacrificed when completely prostrate 
on the third day after inoculation, September 27. The 
western-immune (No. 1011—vaccinated 5/12 and 
5/19/38 with formolized western type encephalomye- 
litis chick embryo tissue vaccine and exposed intra- 
cerebrally to western [Iowa-1937-1] virus 8/25/38— 
survived, after showing only a slight, transitory, febrile 
reaction and mild indisposition) was dead on the morn- 
ing of the fourth day after inoculation, September 28. 
The eastern-immune (No. 1042—exposed intralingually 
6/28/38 to eastern virus [South Carolina-1937-1]— 
developed typical, severe encephalomyelitis, recovering 
without treatment) remained normal and continues to 
be so at this writing. 

All the guinea pigs injected with the suspension of 
mouse brain likewise developed symptoms of typical 
encephalomyelitis (eastern type virus infection) and 
died, or were destroyed for harvesting of virus when 
prostrate, on the third to fourth days following injec- 
tion. A subsequent, bacteriologically sterile passage 
of the virus from two representative guinea pigs in 
the group was effected. Suspensions of brain tissue 
from the two horses (1100 and 1011) also produced 
typical, bacteriologically sterile encephalomyelitis in 
guinea pigs when inoculated intracerebrally. 

The symptoms in the inoculated animals, the com- 
paratively brief incubation period, the acute course 
of the disease, the immunity against the injected virus 
in the eastern-type-encephalomyelitis-immune horse 
and the equal susceptibility of the normal and the west- 
ern-type-encephalomyelitis-immune horses add conclu- 
sive evidence that the virus recovered by Dr. Fothergill 
from a human ease is indistinguishable from eastern- 
type equine-encephalomyelitis virus. It may be further 
noted now that all five of the strains of equine- 
encephalomyelitis virus which have been recovered by 
the Bureau from Massachusetts horses during the 
August-September, 1938, epizootic have been definitely 
determined to be of eastern type through exposure of 
guinea pigs immunized against eastern and others im- 
munized against western type equine vira.’ 

The addition of man to the list of species susceptible 
to equine-encephalomyelitis virus again brings to the 
fore the problems of epizootiology in connection with 
the equine disease and justifies further consideration 
and investigation of the role which the many other 
known susceptible species* ° might have in the spread 

7 Unpublished work. 

8L. T. Giltner and M. 8. Shahan, ScrENcE, 78: 2012, 
63-64, 1933. 


9L. T. Giltner and M. S. Shahan, Jour. Am. Vet. Med. 
Asn., 88: n.s. 41, 3, 363-374, 1936. 
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of the disease amongst horses, as well as to or from 
the human family. 
H. W. Scuorntyg 
L. T. GILTNER 
M. 8S. SHanay 
PATHOLOGICAL DIVISION, 
BUREAU OF ANIMAL INDUSTRY, 
WASHINGTON, D. C. 


THE BEHAVIOR OF THE VIRUS OF YELLow 
FEVER IN THE MOSQUITO, AEDES 
TRISERIATUS! 


THE extrinsic incubation period of yellow fever was 


“described by Corré, and the time limits of this perio 


were determined with a very considerable degree of 
accuracy by Carter? in 1898 before this disease yas 
known to be transmitted by the mosquito, <Aédes 
aegypti. The conclusions of Carter were based on dat 
obtained from his observations of epidemics of yelloy 
fever under natural circumstances. Within the pas 
decade methods have been developed for the study of 
yellow fever under experimental conditions, more pur. 
ticularly by the infection of monkeys and mice. 

In 1904, Dr. Smith,* of New Jersey, raised the ques- 
tion whether the mosquito Aédes triseriatus (Say, 
1823) prevalent in that state might conceivably serve 
as a vector of yellow fever. This mosquito is neoarctic 
in its distribution, and it has been described as ocew- 
ring from Maine as far southward as Florida and wes- 
ward to Montana, an area which lies outside the 
endemic zone of yellow fever. Our experiments were 
conducted with mosquitoes (A. triseriatus) from the 
region of Ithaca, N. Y. One of us (Baker) succeeded 
in establishing a colony of this species in a greenhouse 
insectary at Cornell University. The first experiment 
in transmission was conducted at the Harvard Medical 
School in the autumn of 1935, using the technique 
which we have ordinarily employed with A. aegypti’ 
About 35 mosquitoes (A. triseriatus) were given au 
infective feeding on a monkey (Macacus rhesus) dying 
of yellow fever. After an incubation. period of 1/ 
days, at about 28° C., 7 of these mosquitoes were living 
and 6 fed on a monkey. Six days later there was al 
indefinite febrile reaction (104.1° F.) on one day only, 
and the monkey remained in excellent condition. ue 
month after the mosquitoes had fed arrangements were 
being made to inject yellow fever virus for an imml 
nity test. Fortunately a delay of a few days occurel 

1 From the Department of Tropical Medicine, Harvari 
Medical School, Boston, Mass., and the Department 0 
Entomology, Cornell University, Ithaca, N. Y. 

2H. R. Carter, New Orleans Med. and Surg. Jour., ©: 
617-636, 1900. 

3 J. B. Smith, ‘‘ Report of the New Jersey State Agricul 
tural Experiment Station, Trenton, New Jersey.’’ Mat 


Crellish and Dingley, State Printers: Trenton, N. J., 1904 
4A, W. Sellards, Am. Jour. Trop. Med., 12: 79-92, 199 
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and no injection was made; this monkey died of yellow 
fever 36 days after being bitten by mosquitoes. In the 
meantime, the colony of mosquitoes at Cornell had been 


discontinued. 
It was not feasible to resume this work until the 


present year. 
collected from tree-holes at Ithaca and reared in the 
laboratory of the Department of Entomology at Cor- 
nell University. Mosquitoes which had previously 
taken an infective blood meal were allowed to feed on 
four monkeys. These animals showed no febrile reac- 
tion, but two of them died of yellow fever after intervals 
of 10 and 13 days. Blood taken from the two surviv- 
ing monkeys failed to protect mice against yellow fever. 
The two monkeys which survived were bitten by mos- 
quitoes which were kept for 14 to 15 days at about 
98° C., whereas the two monkeys which died were 
infected by mosquitoes which were incubated at 
$7° C. 

Ten mosquitoes which had ingested infective blood 
of dying monkeys were tested for virus after incubation 
periods of 13 to 16 days. Each mosquito was ground 
in a mortar with a little serum-saline, and injections 
were made intracerebrally in white mice. The virus 
was recovered from 6 of these 10 mosquitoes. 


Briefly, the virus of yellow fever in its ordinary form 


was transmitted to monkeys (Macacus rhesus) by 
Aédes triseriatus, and there was some evidence of 
attenuation of the virus in this mosquito. 


Byron L. BENNETT 
Frep C. BAKER 
ANDREW WATSON SELLARDS 


| CORRELATION BETWEEN SELF-BREAKING 


AND BLUE NUCLEI AMONG CERTAIN 
COMMERCIAL TULIP VARIETIES? 


It has been pointed out in “The Antithetic Virus 
Theory of Tulip Breaking”? that while the virus con- 
tent of the plant determines the type of breaking in all 
pink and nearly all red tulips some dark red varieties 
always self, regardless of their virus content. In such 
tulips the dark red anthocyanin of the flower epidermis 
is darkened in certain areas and left unchanged in 
others; the ground color is not exposed. Likewise the 
black tulip, La Tulipe Noire, when infected with a 


: Virus, merely darkens. Several years ago the writer 


SCIENCE 


In March, larvae (A. triseriatus) were 


made the unpublished and then unrelated observation 
that nuclei apparent in mounts of the flower epidermis 
of La Tulipe Noire are sometimes blue. A study of 
virus effects on the new race of tulips known as Mendel 
tulips has shown that without exception every red 
Mendel variety bearing flowers with a white ground 
and blue base, selfs or darkens when inoculated with 
inoculum containing tulip virus I, the color-removing 
virus. Of the 49 red varieties studied, 21 evidence a 
blue pigment in the epidermis of the basal portion, 
which occurs (1) free in the eytolymph of epidermal 
cells, (2) as prismatic crystalline masses, (3) within 
the nuclei of the cells or (4) in combinations of these 
three conditions. Frequently, the nuclei are so blue 
that no structure can be seen within them. The pig- 
mentation of the nuclei is greatest in cells that are 
beginning to degenerate but is also evident in cells that 
are apparently healthy. There is no correlation what- 
ever between the presence of a virus and the occurrence 
of these blue nuclei. The pigment is present in both 
healthy and diseased individuals, and blue nuclei are 
evidenced wherever it is abundant. A further study 
of La Tulipe Noire shows that its approach to black- 
ness is due to the presence of intensely blue cells 
scattered among the dark red ecelis of the flower—the 
nucleus-staining pigment is not confined to the base 
of the flower. The blue pigment reacts positively to 
the qualitative reactions for an anthocyanin, changes 
to a rose color at pH 4.5 and to a yellow-green be- 
tween pH 7 and 8. Solubility tests tend to differen- 
tiate it from the conspicuous red anthocyanin of the 
tulip flower. Blue nuclei are found in the bases of 
red Darwin tulips that likewise self in the presence 
of the color-removing virus. It is not claimed that all 
red tulips having this pigment will always self, but no 
exception has been found for dark red Mendels. 

Freshly made mounts of tulip flower epidermis are 
beautiful microscopical objects. The clarity of the 
self-staining of the pigmented nuclei offers an ex- 
ceptional opportunity for nuclear study, especially 
since the pigment seems confined to the karyolymph. 
Moreover, the blue pigment acts as a selective intra- 
vital stain and exhibits vacuolation phenomena with 
astounding clearness. 

FrANK P. McWHoRTER 
OREGON AGRICULTURAL EXPERIMENT STATION, 
CORVALLIS 


SCIENTIFIC APPARATUS AND LABORATORY METHODS 


A SIMPLE COMBUSTION TYPE OF 

CARBON MONOXIDE ESTIMATOR 
Tuts method depends upon the conversion of carbon 
monoxide into earbon dioxide by combustion and the 
“Published as Technical Paper No. 289 with the ap- 


Proval of the direetor of the Oregon Experiment Station. 
Contribution of the Department of Botany, Oregon Ex- 


reaction of this carbon dioxide with strontium hy- 
droxide (or other alkali-earth hydroxide), using phe- 
nolphthalein as an indicator. Obviously any carbon 
dioxide or hydrocarbon vapor which may be present in 


periment Station, in cooperation with the Bureau of Plant 
Industry, U. 8. D. A. 
* Annals of Appl. Biology, 25: 254-270, 1938. 
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the air must be removed or high results will be ob- 
tained. A simple and inexpensive apparatus using 
this principle and sufficiently accurate for industrial 
health purposes is shown in Fig. 1. 


To TRANSFORMER OR BATTERY 


S/LICA GEL 


4 

8 

4 


CALcluM OXIDE 


Fig. 1 


The letter “A” designates the inlet to the apparatus. 
3/16 inch copper tubing with brass fittings similar to 
those on automobile gasoline lines are used. The 
canister “B” is of tin and should have a capacity of 
at least four cubic inches. This canister is two thirds 
filled with silica gel and one third with calcium oxide 
for removal of hydrocarbon vapors and carbon diox- 
ide, respectively. The copper outlet tube from 
canister leads to the combustion unit “C.” This unit 
consists of two 3 inches x3 inches x? inch pieces of 
transite (Johns-Mansville) board bolted together with 
4-4 inch brass bolts. A suitable central recess is made 
in one board as shown to carry the heating element of 
a nineteen cent automobile cigar lighter unit. These 
units are obtainable with one bolt terminal, and the 
other terminal may be made by notching out the head 
of a small cylindrical headed bolt and swedging the 
other end of the element in this notch. The edges of 
the transite board are made air-tight by the applica- 
tion of a small amount of furnace cement. The exit 
tube of the combustion unit is connected to a small 
bubbler “D,” as shown. <A suction pump of 55-60 ce 
capacity per stroke can be conveniently made from a 
10 inch bicycle pump. <A 3/16 inch tee is sweated to 
the bottom of the pump and then two ball check valves 
to the tee as shown. The current for the combustion 
unit may be furnished by a toy transformer supplying 
nine volts or from a six-volt storage battery. 

The solution used in the bubbler is 1/2,500 normal 
solution of strontium hydroxide. This solution is con- 
veniently standardized against 1/50 normal sulfuric 
acid (0.55 ce of cone. sulfurie acid (sp. gr. 1.84) in 
one liter of solution). 100 ee of strontium hydroxide 


TABLE I 


If red color (phenolphthalein) disappears after: 
Parts per million of carbon 


Number of pump strokes monoxide present 
1 2,000 
2 1,000 
4 500 
8 250 
16 125 
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solution is equivalent to 2 ec of N/50 sulfuric acid, 
Each liter of the strontium hydroxide solution shoyjj 
contain 15 ce of 0.1 per cent. phenolphthalein jy 85 
per cent. aleohol. The solution is stable if kept away 
from air containing carbon dioxide. If 20 ce of hj, 


‘solution is placed in bubbler and air pulled through 


a rate of 100 ce per minute, then Table I will apply, 
J. B. Ficktey 
TRAVELERS INSURANCE COMPANY, 
HARTFORD, CONN. 


GROWING FUNGI ON CELLOPHANE 

Various saprophytic fungi (Aspergillus, Fusariyy 
and Verticillium) isolated from dead leaves were grow, 
successfully on rolls of filter paper and of Cellophane 
in test-tubes. Each tube contained a few ce of Knop’s 
solution with which the rolled sheets were in conta¢ 
and by which they were continually moistened. Growth 
was equally good on both media. The transparency of 
the Cellophane permitted one to observe the growth 
of the organism directly, even with considerable mag. 
nification. The cellulose acetate appears to be par. 
tially hydrolyzed during sterilization and to improve 
the Knop solution as a nutrient for the fungi. 

A. Dussgav 


LABORATOIRE DE BIOLOGIE VEGETALE, P. C. B. 
FACULTE DES SCIENCES, BORDEAUX 
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